Magnetization processes in barium ferrite micropowders. by Nolan, R. D.
UNIVERSITY OF SURREY LIBRARY 
AUTHOR <3 TITLE
a :.i> . ■'/W PF'V' ,
- ©LcrW ~iXf-y^
I  agree th a t  the  above th e s is  s h a l l  be a v a ila b le  f o r  read ing  in  accordance w ith  the  
re g u la tio n s  governing the  use o f  U n iv e rs ity  o f  Surrey  th eses •
A u th o r’ s S ignatu re
USER’ S DECLARATION
I  undertake not to  reproduce any p o r t io n  o£p o r  to  use any in fo rm a tio n  d e rived  fro m t 
th is  th e s is  w ith o u t f i r s t  o b ta in in g  the  p erm iss io n B in  w r it in g *  o f  the L ib ra r ia n  o f  
the U n iv e rs ity  o f  S u rrey . •
68R /A B 293a
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if materia! had to be removed,
a note  will indicate the deletion.
Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
UNIVERSITY OF SURREY
R egulations f o r  H ig h er Degrees: C opyright
Preamble
D issem ination  o f  knowledge is  one o f  th e  o b jec ts  o f  the  U n iv e rs ity .  
T h erefo re  Members o f  th e  U n iv e rs ity  and others-who" submit theses fo r  
h ig h e r degrees are expected to  re lin q u is h  to  th e  U n iv e rs ity  c e r ta in  
r ig h ts  o f rep ro d u ctio n  and d is t r ib u t io n .
Moreover i t  is  recognised th a t  a p p lic a n ts  owe a duty  to  t h e i r  Departments 
o f  s tudy , the Academic S t a f f  and sponsoring bodies fo r  t h e i r  re s p e c tiv e  
c o n tr ib u tio n s  to  the re search . W ith in  the  l im its  o f  these requ irem ents , 
the  a u th o r’ s co p yrig h t is  safeguarded.
R egulations
1 . When su b m ittin g  a th e s is  f o r  th e  purposes o f  a h ig h e r degree the  
a p p lic a n t s h a ll  s ign  an ir re v o c a b le  a u th o r ity  in  p re s c rib e d  form  
a p p o in tin g  the L ib ra r ia n  h is  a tto rn e y  w ith  the  r ig h t  to  reproduce  
the  th e s is  by photoconv o r  in  m ic ro film  and to  d is t r ib u te  copies  
to  those in s t i tu t io n s  o r persons who in  the L ib r a r ia n ’ s o p in ion  
re q u ire  them fo r  academic (as d is t in c t  from  commercial) purposes.
2 . The L ib ra r ia n  in  c o n s u lta tio n  w ith  the  a p p ro p ria te  Department o f  
study o r  sponsoring body s h a ll  have th e  r ig h t  to  re fu se  to  p rov ide  
copies o r to  impose such co n d itio n s  as he th in k s  f i t  on the  
p ro v is io n  o f  co p ies , w ith  the o b je c t o f  safeguard ing  th e  a p p lic a n t ’ s 
co p yrig h t and the  in te r e s ts  o f  the  U n iv e rs ity  and the  sponsoring  
body.
3 . These R egulations are  s u b je c t to  requirem ents o f  any body under 
whose sponsorship the  research  p ro je c t  g iv in g  r is e  to  the th e s is  
is  c a rr ie d  on.
68R /A B 293
UNIVERSITY OP SURREY LIBRARY
AUTHOR
f v  . " C P -
TITLE
X a a
^CV X ,
y j t e ^  ^ V V t j r * | ^ 3 W
r^ggctahLg ncjroruryy nnrmnii:« rxoM
I agree th a t the above th e s is  s h a ll  be a v a ila b le  fo r  reading in  accordance w ith the  
re g u la tio n s governing the use o f  U n iv e rsity  o f  Surrey th e s e s .
A u th or's  Signature
rxrtairrrsas :ru jjcoi * ar.w
USER'S DECLARATION
I undertake not to  reproduce any p o rtio n  o f p or to  use any inform ation derived  from  
th is  th e s is  w ithout f i r s t  o b ta in in g  the p erm ission p in  w ritin g s o f  the L ibrarian  o f  
the U n iv e rsity  o f  Surrey,
68R/AB293a
/
UNIVERSITY OF SURREY
R egulations f o r  H ig h er Degrees: C opyrigh t
Preamble
D issem ination  o f  knowledge is  one o f  th e  o b je c ts  o f  th e  U n iv e rs ity ,  
th e re fo re  Members o f  th e  U n iv e rs ity  and o th ers  who subm it theses f o r  
h ig h e r degrees a re  expected to  re lin q u is h  to  th e  U n iv e rs ity  c e r ta in  
r ig h ts  o f  rep ro d u c tio n  and d is t r ib u t io n .
M oreover i t  is  recognised  th a t  a p p lic a n ts  owe a d u ty  to  t h e i r  Departments 
o f  s tu d y , the Academic S t a f f  and sponsoring bodies f o r  t h e i r  re s p e c tiv e  
c o n tr ib u tio n s  to  the  re s e a rc h . W ith in  th e  l im i ts  o f  these re q u irem en ts , 
th e  a u th o r ’ s c o p y rig h t is  safeguarded .
R egu la tions
1 . When su b m ittin g  a th e s is  f o r  th e  purposes o f  a h ig h e r  degree th e  
a p p lic a n t s h a ll  s ig n  an ir re v o c a b le  a u th o r ity  in  p re s c rib e d  form  
a p p o in tin g  th e  L ib ra r ia n  h is  a tto rn e y  w ith  the  r ig h t  to  reproduce  
the  th e s is  by photoconv o r  in  m ic ro film  and to  d is t r ib u te  copies  
to  those in s t i tu t io n s  o r  persons who in  th e  L ib rp riL an ’ s o p in io n  
re q u ire  them f o r  academic (as d is t in c t  from  com m ercial) purposes.
2 . The L ib ra r ia n  in  c o n s u lta tio n  w ith  th e  a p p ro p ria te  Department o f  
study o r  sponsoring body s h a l l  have th e  r ig h t  to  re fu s e  to  p ro v id e  
copies o r  to  impose such co n d itio n s  as he th in k s  f i t  on the  
p ro v is io n  o f  co p ie s , w ith  th e  o b je c t o f  sa feg u ard in g  th e  a p p l ic a n t ’ s 
c o p y rig h t and the in te r e s ts  o f  th e  U n iv e rs ity  and th e  sponsoring  
body.
3 . These R egu la tions  are  s u b je c t to  requirem ents o f  any body under 
whose sponsorship th e  research  p ro je c t  g iv in g  l 'is e  to  the  th e s is  
is  c a r r ie d  on.
68R /A B 293
NOLAN .■ RD--' MAGNET I Z R T I
- 1
University of Surrey 
Depaurtnent of Phyeics
M A G N E T I Z A T I O N  P R O C E S S E S  
IN B A R I U M  F E R R I T E  
M I C R O P O V D S S S
R . P . NOLAN
Ph.D. Thesis Oetober, 1968
^  °[ f t /  % 2>
Abstract
T h e  m a g n e t i z a t i o n  p r o c e s s e s  i n  b a r iu m  f e r r i t e  m i c r o -  
p o w d e r s  s u b j e c t e d  t o  v a r i o u s  a n n e a l i n g  a n d  s i l l i n g  t r e a t m e n t s  
w e r e  i n v e s t i g a t e d  b y  t h e  m e t h o d s  o f  m a g n e t i c  a n a l y s i s .
T h e  a n i s o t r o p y  f l s l d  d i s t r i b u t i o n s  w e r e  f o u n d  t o  v a r y  
w i t h  t h e  c o e r c i v e  f o r c e ,  b e i n g  d e p e n d e n t  o n  t h e  d i s l o c a t i o n  
d e n s i t y .  T h e  s s a p l s a  w i t h  t h e  l o w e r  v a l u e s  o f  t h e  c o e r c i v e  
f o r e s  h a d  m o re  p a r t i c l e s  i n  t h e  l o w - a n l s o t r o p y - f l e l d  r e g i o n  
t h a n  t h e  s a m p l e s  w i t h  t h e  h i g h e r  c o e r c i v e  f o r c e s .
W o h l f s r t h ' s  r e n a n e n e e  r e l a t i o n s h i p s  a r e  n o t  o b e y e d ,  t h e  
d i s c r e p a n c i e s  b e i n g  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  d o a a i n s .  A 
p a r t i c u l a r  t y p e  o f  d o m a in  s t r u c t u r e ,  t h e  c y l i n d r i c a l  d o m a i n ,  w a s  
p o s t u l a t e d  t o  e x p l a i n  a n  a s y m m e t r i c a l  m a g n e t i s a t i o n  p r o c e s s  
o c c u r r i n g .  T h #  d i s c r e p a n c i e s  f r o m  W o h l f s r t h ’ s  r e l a t i o n s h i p s  
a n d  t h e  e x t e n t  o f  t h e  a s y m m e t r y  a r e  r e l a t e d  t o  t h e  d i s l o c a t i o n  
d e n s i t y  i n  a  m a n n e r  s i m i l a r  t o  t h a t  u s e d  t o  e x p l a i n  t h e  a n i s o t r o p y  
f i e l d  d i s t r i b u t i o n  r e s u l t s .
T h e  r o i #  o f  d i s l o c a t i o n s  i n  r e d u c i n g  t h e  a n i s o t r o p y  e n d  
i n  a c t i n g  a s  d o m a i n - w a l l  n u c le a t io n  c e n t r e s  w a s  c o n s i d e r e d  a n d  
j u s t i f i e d  by a  b r i e f  t h e o r e t i c a l  a c c o u n t  o f  t h e  p o s s i b l e  
d i s l o c a t i o n s  I n  b a r iu m  f e r r i t e .
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w h ie h  I  w o r k e d ,  a n d  p r o v i d e d  a d v i c e  a n d  e n e o u r a g e m e n t  t h r o u g h o u t .
My t h a n k s  a r e  d u e  a l s o  t o  t h e  U n i v e r s i t y  o f  S u r r e y ,  w h o  
p r o v i d e d  f i n a n c i a l  s u p p o r t ,  a n d  t o  M u l l a r d  R e s e a r o h  L a b o r a t o r i e s  
w h o  p r o v i d s d  f a c i l i t i e s  a n d  e q u ip m e n t  f o r  s e  t o  u s e  a n d  a n  a d e q u a t e  
r e e e a r e h  b u d g e t  t o  e n a b l e  f u l l  u s e  t o  b e  m ade o f  t h e  f a e i l i t i e s .
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Chanter I Introduction
The m a g n e tis a tio n  prooesoee la  b a rium  fe r r it e  a ie ro p  
pow ders se re  In v e s tig a te d  t y  th e  m ethods d e s c rib e d  la  C hapte r 2 .  The 
e x p e rim e n ta l re s u lts  a re  g iv e n  la  C hap te r 3« and axe d iscu sse d  la
C hap te r 4 *
Ths th e o ry  o f f ia e * p a r tie ls  p e rm e a n t m agnets Is  
b r ie f ly  re v is s e d  ( 1 . 1 . )  sad  th e  s u ita b ility  o f b a rla a  f e r r it e  ee a  
perm anent m agnet m a te ria l la  d is c u s s e d  ( 1 .1 . 2 ) .  Ths p u b lis h e d  re s u lts  
on b a riu m  fe r r it e  a re  sum m arised ( 1 . 2 )  aad th e  scope ead  o b je c t o f 
tb s  re se a rch#  th e  re s u lts  o f e h le h  a re  g iv e n  la  th is  th e s is #  a re  g iv e n  
in  ( 1 . 3 ) .
1 . 1 . 1 .  Ths th e o ry  o f f in e  p a r tic le  perm anent sm gssts has 
been re v le v e d  b y  o h lfa r th 1 , F a u th e n s t^  aad Z ijla tn a ^ . Xa a  f t r r o -  
oognst#  th e  m echanism  o f m a g n e tic  re v e rs a l may be »
a ) dom ain v a il m o tio n /**5
b ) cohe re n t ro ta tio n ^  j 
e ) in o o h e ro n t ro ta tio n 7 j
o r e ls e  d )#  e m ix tu re  o f te e  o r even a l l  th re e  p ro ce sse s .
Ths b a r r ie rs  to  m o tio n  a re  la  usnsruT
sm a ll#  so th a t m a te ria ls  u nd e rg o in g  re v e rs a l b y  m ethod (a )  w il l have 
a  le v  see re iv i t y .  T h is  Is  n o t d as l i a b le  fo r  a p p lic a tio n s  as a  -  
perm anent m agnet m a te r ia l. Thus th e  fo rm a tio n  movement o f 
in  a  m a te r ia l m ust be suppressed# so  th a t eeoh p a r tic le  is  a  s in g le  
dom ain5 .  H o ® l^  K itte X ^  h im  th a t u a d o r th o se  flfw ra im ^ .1—  f
th s  e o e re iv e  fo ro e  can be h ig h . The p a r tic le  s ic e  m ust be le s s  th e n  e  
c e rta in  c r it ic a l e lse #  th e  s ia g X cd o m a la  tie s #  s c  th a t i t  is  e n e rg e tic a lly  
u n fa v o u ra b le  fo r  dom ains to  be p re s e n t. The c r it ic a l d ia m e te r has been 
e s tim a te d  to  be 230 i  aad 520 t  fo r  s p h e ric a l s a b le s  o f Iro n  aad 
n ic k e l re s p e c tiv e ly . T o r needle~ehapoA sam ples# th s  va lu e s  a re  1620 X 
fo r  Iro n  aad 3700 £  fo r  n ic k e l. F o r a  sam ple o f ba rium  fe r r ite #  th e  
c r it ic a l d ia m e te r is  abou t 1  a* —*. Ro c a lc u la tio n  has been done fo r
M a li b u t o b s e rv a tio n s  o f dom ain s tru c tu re s  suggested  th a t th e  c r it ic a l
d ia m e te r ess a bo u t 10 m ic ro n s .
— _ 12
Ths u s u a l m ethod o f c a lc u la tin g  th e  s ln g le ~ d o ra a ln  s ic e
is  to  assume th a t th s  p a r tic le  c o n s is ts  o f tw o  dom ains# i. e .  one dom ain 
v a il Is  p re se n t#  aad to  oom pute th s  to ta l e ne rgy v h o h  is  cade up o f 
m a g a e to s ta tlo  aad v a il e n e rg is e  • T h is  e ne rg y is  oom pared w ith  th e
-7-
ig- I I I. Cl) F ie ld  H a p p l i e d  al- a n  a n g l e  0  fro t h e  
e a s y  o x i s  o f  a  s i n g l e -  d o m a i n  p a r t i c l e  
w i t h  u n i o x i o l  a n i s o t r o p y
Fig. I l l ( 2 )  T h e  m a g n e t i z a t i o n  c u r v e s  f o r  s i n g l e - d o m a i n
p a r f r ic le s  w i t h  u n ia x ia l  a n is o f r ro p y  Y n e  p a r a m e t e r  
o n  t h e  c u r v e s  i s  t h e  a n g l e  w h i c h  t h e  f i e l d  
m a k e s  w i t h  frhe e a s y  a x i s .  R e f .  6
o ii ro o to s  to t  lo  e ne rg y o f th e  p a r tic le  In  tb s  s ta te #  A n
th e re  is  no te n in  w e ll e n e rg y . Tbs p o r tio to  t ie s  a t c h io h  th o se  to o  
c o n fig u ra tio n s  have th e  asm  to ta l ene rgy is  th e  c r it ic a l s in g le -d o m a in  
s is # . P a r tic le s  o n e llo r  in  s ia o  th a n  th is  c r it ic a l s is #  w il l bs s in g le  
d o o a in s*
lb #  b a r r ie r  to  re v e rs a l o f tb s  m g n e tia e tio n  o f a  s in g le -  
dom ain p a r tia l*  is  p ro v id e d  b y  a e g n s to e te tls #  s tra in #  o r a o g a o to - 
e s y a ts llia e  energy# w h ich  opposes th e  ro ta tio n  o f th e  a e g p B tls a tia a *9 2 9\  
There #111 bo c e rta in  d ire c tio n s  In  tb s  p a r t id s  § on tb s
to ta l a a g n s tic  ene rgy o f tk o  c o n fig u ra tio n #  tb o  m ^ n c ti ra tio n
#111 p re fe re n tia lly  llo *  Those d ire c tio n s #  Jnown so easy d ire c tio n s ^ #  
w il l to  p o s itio n s  o f e n e rg y minim  In  ea ro  f ie ld .  ftbeo a  a o r t ic  f ie ld  
1# a p p lie d  o p p o s ite  to  th e  A im t lo s  o f th e  a a g n e tis a tie s i o f th e  p a r tic le #  
th e  f ie ld  m e t s u p p ly  th e  e ne rg y fo r  th e  a a g n e tlo a tia i to  o ve rse a * th e  
e ne rgy b a rr ie rs  to  re v e rs a l. S to n e r end K o fe lfs rtfe * b e t#  co n s id e re d  th e  
m a g n e tis e ti an co rvee  o f e ln g le -d o n a ln  p a r tic le s  w ith  o n ly  tw o  easy 
d ire c tio n s #  i. e .  w ith  u n fax ta l a n ts o tv e iy #  w h ich  r e ve rse th e ir  o s g n e tia e tic a  
b y  eohe ren t#  i. e .  u n ifo rm #  ro ta tio n  o f th e  m g a o ti n a tio n  v e c to r. The 
ene rgy in  an  a p p lie d  f ie ld  8  io  /
B « Ka  « ia 2|  -  RgH coe(e  •  i) o q p . 1 . 1 .1 .
ch o re  th e  a n g le #  a r#  as shown in  f ig *  1 . 1 *1 .  ( 1)  &  is  th e  a n is o tro p y  
co n s ta n t#  A iA  can a r is e  fro n  one o r nos# o f th e  e n e rg ie s  abo ve .
Mp i#  th #  s a tu ra tio n  s s g w tb a tio u  ^%#n th e  f ie ld  is  th e  e u y  
a x is #  tb s  s o s re iv o  fo re #  we# shown to  bo »  2KA/K ? » nk$ th e  a n is o tro p y  
f ie ld .  Th# a g a e tis e tio n  lo o p s  fo r  in d iv id u a l p e r tio ls e  a re  shown in  
f ig .  1 . 1.1 .(2)  |  w here tb s  p a rs a s te r 0  is  Has a n g le  betw een H ie  f ie ld  and 
tb s  e say a x is .
I t  is  d e s ira b le  to  have Has c o e rc iv e  fo re #  and th s  
c r it ic a l s in g le  d o n a in  s is #  as la rg s  as p o s s ib lo . f o r  0  p ro la te  
e llip s o id  w ith  shop# a n is o tro p y  o n ly ***#  ch a rs  Ha# d e m a g n e tis in g  fo o te rs
la rg s  He# and and u$ s n a il f o r  la rg o  fiQ.  - hen th e  a n is o tro p y  io  
n a # a stn < w y t» 11In s *5 # RQ *  end KfrJ K ^/h g t th is  re q u ire s  X la rg o
end Xs s n a il fo r  la rg e  Hc # and a ls o  fo r  la rg o  f o r  penasaeat a ogne t 
a p p lic a tio n s #  I L  s h o u ld  be la rg o . Thus a  com prom ise bstw een those  
v a rio u s  re g e lrs n e n ts  m s t bo nede# no B e tte r w hat typ e  o f a n is o tro p y  io  
p o o o o n t. V
R a n d o m
A l i g n e d
I I I ( 5 )  M a a n e t i z i a t i o n  c u r v e s  For a s s e m b l i e s  o f  
s i n c j i e - d o m a i n  p a r f i c l e s  w i t h  u n i a x i a l
a n i s t r o p y -  R e f .  6
0>uck linT w i s t i n g P a ra l le l  r o t a t i o n F a n n i r v
) 11.1(4-)
C o h e r e n r  o n d  
i n c o h e r e n t  m o d e s  
o f  m a a n e t i z . o t i o n  
r e v e r s a l  i n  c y l i n d e r s  
c h a i n s  o f  s p h e r e s  
a n d  p r o l a t e  e l l i p s o i d .  
R e f .  5
P r o la t e  e l l ip s o id  
c o h e r e n t  r o t a t i o n
m = M / M 5
a
I-O
- 9 -
C o h e r e n t
R e d u c e d  d i a m e t e r
Fig. 111.(5) S i z e  d e p e n d e n c e  o f  c o e r c i v e  
f o r c e  o f  a n  i n f i n i t e  c y l i n d e r  
f o r  v a r i o u s  m o d e s  o r  
re  v e r s  o f  R e f  3
Fig. I l l ( 6 )  T h e o r e t i c a l  d e p e n d e n c e  o f  th e  
r e d u c e d  c o e r c i v e  f o r c e ,  h t< o n  
t h e  a n a l e  Q. b e t w e e n  t h e  c y l in d e r  
a x i s  a r i d  t h e  f ie ld  w i t h  t h e  
r e d u c e d  r a d i u s  S  = R / R o  Q
p a r a m e t e r  R e f .  21
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The c o e rc iv e  force at an  assem bly o f n o n -in te ra c tin g  
B in g ls -d a a a ln  p a r tic le s  Is  He •  HA fo r  an assem bly w ith  a l l  th e ir  easy 
axes p a r a lle l,  and llQ * 0.48 fo r  a a  assem bly w ith  s p a tia lly  random 
d is tr ib u tio n  o f th e ir  e asy axes* The rsnansnoes a re  * s and 0.5 * s 
re s p e c tiv e ly . The m a g n e tis a tio n  cu rves a re  shown la  f ig .  1 . 1 .1 .  ( 3 ) .
D isagreem ent w ith  th e  th e o re tic a l p re d ic tio n s  nay a ria s  
fro m  s e v e ra l a ffe c ts , o h lfa r th 1 has p o in te d  o u t th a t th e  u s u a l e s tim a te  
o f th e  s in g lo -d o sa a in  e ls e  is  mads b y  ecm parlng th e  e n e rg y  o f aa  a rb itra ry  
m u lti-d o m a in  c o n fig u ra tio n  w ith  th e  s in g le -d o m a in  c o n fig u ra tio n , w ith  
no e x te rn a l f ie ld  la  e ith e r  case# i. e .  a t th e  remanenoe p o in t, la  aa 
a p p lie d  fie ld #  opposed to  th e  p e r tlo le  m a g n e tisa tio n #  i t  aay be 
e n e rg e tic a lly  fa v o u ra b le  fo r  th e  p a r tic le  to  s p lit  in to  dom ains. Thus 
re v e rs a l o o ld  p roceed b y done in  w a ll n u c le a tio n  and m ovem ent, a  p rocess 
w h ich  o o u ld  be m a g n e tic a lly  e a s ie r#  i. e .  o ccu r a t lo w e r re v e rs e  f ie ld  
s tre n g th s #  th a n  re v e rs a l by e ith e r  co h e re n t o r in c o h e re n t ro ta tio n  o f 
th e  m a g n e tis a tio n .
o h lfa r th 1 has g iv e a  an a lte rn a tiv e  d e fin it io n  o f th e  
o r lt lo a l s is e  as th a t s ite  be low  w h ich  re v e rs a l a lw ays ta ke s  p la c e  b y  
co h e re n t ro ta tio n . T h is  s is e  ie  auoh s m a lle r th e n  th e  u s u a l o r lt lo a l 
e ls e . Aa approach to  th e  f ie ld  dependence o f th e  c r it ic a l s is e  has been
made b y C re lk  and M c In ty re 1^ .  The p rd b lo a  o f dom ain n u c le a tio n  in  a
1?
p re v io u s ly  s a tu ra te d  p a r tic le  has been review ed  b y  A h& ron l • Same 
pro«r»B B  bat bata wait by t t e  u p p lio a tlo n  c f  n io ro a a # ie ti os7,1C  a M  
th e  th e o re tic a l id e n tif ic a t io n  c f  some n u c le a te d  Awn la  s tru c tu re s  has 
been made b y B u llc r1* .
A second e ffe c t b y  w h leh  th e  e o e re lv e  fo rc e  nay be 
reduced is  th e  re v e rs a l o f th e  m a g n e tis a tio n  by in co h e re n t#  i. e .  non* 
u n ifo rm , r o ta t io n ^  V a rio u s  mechanisms have been s tu d ie d ,J a c o b s  
aad Bean20 s tu d ie d  th e  fa n n in g  mechanism in  ch a in s  o f s p h e re s . Brown1 
and th e  g roup  a t th e  oicm unn In s t itu te ,  Is r a e l, i. e .  F r e i, S h trikm a a  
and A h a r o n i, s tu d ie d  th e  m echanism s o f c u rlin g #  b u c k lin g  sad tw is tin g ^ . 
These s tu d ie s  w ere re v ie w e d  b y S h tv ika a n  and T re v e s '. These modes o f 
m a & is tis a tio n  re v e rs a l a re  shown In  f ig .  1 . 1 . 1 .  (4 ) .  The s is e  dependence 
c f th e  c o e rc iv e  fo re s  c f  in f in it e  c y lin d e rs #  w h ich  have o n ly  shape 
a n is o tro p y  is  shown in  f ig .  1 . 1 . 1 .  ( 5) .  The c y lin d e r a x is  is  th e  easy 
a x is . The a n g u la r dependence o f H is  shown in  f ig .  1 . 1 . 1 .  ( 6 )#  where 
th e  cu rve  fo r  S « o is  th e  same onS as fo r  3 to n s r^ ’ o h lfa r th  co he re n t 
ro ta tio n . S m  R /&Q is  th e  reduced d ia m e te r o f th e  c y lin d e r , where 
Rq m A*/ks is  a  c r it ic a l ra d iu s  end A is  th e  exchange cons ta n t.  In  a 
fe rro m a g n e tic  system # th e  e ne rg y is  a  minimum when a l l  th e  sp in s  a re  
p a ra lle l#  due to  th e  q u a n tu sm e e h a n ie a l exchange in te ra c tio n . I f  th e
F ig . I l l (7 )
A n g u l a r  v o r i o t ' o n  o f  c o e r c i v e  
f o r c e  o f  a n  in f in i t e ,  c h a i n  
of s p h e r e s  f o r  v a r i o u s  m o d e s  
o f  r e v e r s a l -  T h e  p a r a m e t e r  S  
is  a  r e d u c e d  r a d i u s  R e f  2 2
Fig. I l l ( 8 )
A n g u l a r  v a r i a t i o n  o f  c o e r c iv e  
fo r c e  f o r  c o h e r e n t  r o t a t i o n  S W  
a n d  d o m a m - w a l l  m o t io n  D ~ W  
h & is t h e  f i e l d  a t  w h ic h  
i r r e v e r s i b l e  ju m p s  o f  t h e  
m a a n e t i z . a t i o n  t a k e s  p l a c e  
in t h e  S W  t h e o r y  
J X < 4 - 5 ° .  h f  = he.
- 1 3 -
F ig .  11.1(9) M a g n e t i z a t i o n  c u r v e s  d u e  t o  r e v e r s i b l e  r o t a t i o n  
a n d  i r r e v e r s i b l e  w a l l  d i s p l a c e m e n t  f o r  a  
s u b s t a n c e  w i t h  u n ia x ia l  a n i s o t r o p y  ( n u m e r i c a l  
v a l u e s  a r e  t h o s e  o f  9 0 » H0 m =  0 * 2 K m J I 5 i s  a s s u m e d )  
R ef.  2 4
ti x l s
» Q
a l ig n e d  — ►
0-5
-—  . /  
/
/
1 I i i '
/
/
/ I  1 1 1 , ,
- 5  - a- - a  /  
/
/
- l O 1 1 2 5  +  o  *  H  
1 x H o/ /
R e v e r s ib le  r o t a t i o n
Random  /  _ ' O ' 5 ...................S m a l l  B o r k h a u s e n  j u m p s
L a r g e  B o r k h a u s e n  j u m p s
- l < ( H 0 / /  =  0 -  2 K U / I S')
Fig. |.|.i. ( \ o )  M a g n e t i z a t i o n  c u r v e  o f  t h e  a g g r e g a t e  o f
f i n e  u n i a x i a l  p a r t i c l e s  w i t h  a  m u l t i c i o m a i n
s t r u c t u r e  • R e f .  2 4
p a n a llo lis a  is  destroyed#  energy w il l be In tro d u c e d  In to  th e  ays te n .
I f  th e  d ire c tio n  o os iae s o f th e  s p in s  a rc  (c^#  c^» o ^ )#  i t  con be 
c h c c n ^  th a t th e  exchange ene rgy is  p ro p o rtio n a l to  ( Va1 ) 2+( Va2 ) 2+( v^ ) 2 
The co n s ta n t o f p ro p o r tio n a lity  is  A# th e  exchange oone taxst. Tbs
a n g u la r v a r ia tio n  at H in  an  in f in it e  c h a in  o f spheres is  shown fa r
22
v a rio u s  modes o f re v e rs a l in  f ig .  1 .1 . 1*  ( 7 ) •
2f  th e re  a re  dom ains p re s e n t in  th e  p a rtic le s #  
re v e rs a l b y  d o o a ln m a ll m o tio n  can ta les p la c e . T h is  Is  knows as 
c o m p le te ly  In c o h e re n t re v e rs a l7 ,2 5 * O nly th e  com ponent o f th e  a p p lie d  
f ie ld  p a r a lle l to  th e  eesy cade Is  e ff e c tiv e . Tbs a n g u la r v a r ia tio n  
o f o o e re ive  fo rc e  is  g iv e n
.  H#( 0° )  m o  o a q n . 1 . 1 .3 .
w here D is  th s  a n g le  th e  f ie ld  nafees w ith  th e  easy a x is *  T h is  v a r ia tio n  
is  shown In  f ig .  1 . 1 . 1 .  ( 8 )#  where i t  was a r b it r a r ily  assumed th a t 
He( 0° )  m  HaA 0 .  F o r la rg e  va lu e s  o f ('» th s  c o e rc iv e  fo rc e  fo r  
ooh o re n t ro ta tio n #  a ls o  shown in  f ig .  1 . 1 . 1 .  ( 8 )#  sa y  be m a ile r  th e n  
th a t fo r  d o n a lirw a ll m o tio n . The h y s te re s is  lo o p s  o f p a r tic le s  w ith  
th s  f ie ld  a p p lie d  a t v a rio u s  a n g le s  0  to  th e  easy a x is  a re  shown In  
f ig .  1 . 1 . 1 .  ( 9)  and th s  h y s te re s is  lo o p s  o f a sa e & b lle s  o f p a r tic le s  w ith  
b o th  random d is tr ib u tio n  and p e rfe c t a li& n s m t o f th e  eesy ease a r t  
shown in  f ig .  1 . 1 . 1 .  ( 10) .
Xn th e  above d is c u s s io n #  &A has been c a lle d  th e  
a n is o tro p y  c o n s ta n t. Ko s p e c ific  ty p e  o f a n is o tro p y  has been assum ed.
In  th e  oaee o f shape a n is o tro p y #  K , •  *  r’a )Mg2 * where K^# Kft a re
th s  p r in c ip a l dem agne tis ing  fa c to rs  fo r  p ro la te  sp he ro id s#  o r p a r tic le s  
e q u iv a le n t to  p ro la te  sp h e ro id s  by th s  B ro w n -fio rrie h 25 the o re m . F o r 
m a g n e to o ry s ta llin e  a n is o tro p y #  Kf a K# th e  m g n e to c ry s  ta llin e  a n is o tro p y  
o o n s ta n t. F o r s tr a in  a n is o tro p y #  * A « 3X p/2 ,  w here A is  th s  s a tu ra tio n  
m a g n e to s tric tio n  c o e ffic ie n t end cr is  th e  u n ia x ia l s tre s s . In  many 
oasee# tw o o r more o f the se  typ e s  o f a n is o tro p y  may be eupo riqpoced2^ "2® . 
F o r exaaple# w ith  u n ia x ia l a a g n c to o ry s ta llla e  a n is o tro p y  superim posed 
on u n ia x ia l shape a n is o tro p y  and w ith  th e  tw o easy ones p e rp e n d ic u la r 
to  each o th e r#  « X -  2xHKg2 .  T h is  w o u ld  be th e  oaee in  a  p la te le t 
w ith  th s  n a & » to e ry s te llin s  easy a x is  p e rp e n d ic u la r to  th e  p la n e  o f th e  
p la te le t.
I t  was a ls o  assumed th a t th e  a n is o tro p y  was u n ia x ia l 
i. e .  w ith  tw o s ta b le  p o s itio n s  fo r  th e  m a g n e tis a tio n  in  aero  a p p lie d  
f ie ld .  Z t can be seen th a t th e  fe w e r th e  nunber o f s ta b le  p o s itio n s  
fo r  th e  m a g n e tis a tio n  o f & s in g le -d a a a in  p a r tic le  In  a e ro  fie ld #  th e  
h a rd e r i t  w il l be to  re ve rse  th e  m a g n e tis a tio n  i. e .  th e  h ig h e r th e  
th e o re tic a l c o e rc iv e  fo ro e . Id e a lly #  one sh o u ld  have J u s t a  s in g le
- 1 4 -
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0  K -----
F ig  I I I. ( I I )  T h e o r e t i c a l  d e p e n d e n c e  o f
0 K> t h e  m a x i m u m  a n g l e  b e t w e e n  
t h e  e a s y  a x i s  a n d  t h e  a p p l i e d  
f i e ld  f o r  w h ic h  a  s p h e r e  r e m a i n s  
a  s i n g l e  d o m a i n  a f t e r  s a t u r a t i o n ,
o n  K /X s 2 H e r e  K is  t h e  m a g n e t o -  
c r y s t a l l i n e  a n i s o t r o p y  c o n s t a n t ,  
a n d  lc ,  t h e  s a t u r a t i i y r  n r \ a a n e t i z . a t \ o r \ .  
R e f .  5  6
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T h is  say be p o s s ib le  In  m a te ria ls  w ith  exchange a n is o tro p y  (M e ik lo jo h n  
and Bean29# Jaoobs aad However# th o s e  u n id ir e c ti o n a l sys te n s
a re  n o t v ia b le  ep** a n is o tr opy is  used as th e
n e x t b e s t system .
-  ^  . .. ^ ^ 22,31x t  is  known fr o s  a lo rc n a g n e tio  th e o ry  th a t
p a r tie ls e  w ith  s ip s to e iy e t in  iiw  a n is o tro p y  K » Mg2 do n e t re ve rse
th e ir  m a g n e tis a tio n  b y  in o e b e re n t ro ta tio n #  b e t b y  co h e re n t ro ta tio n .
The c r it ic a l e ls e  la  in f in it e  and e xce p t fo r  v e ry  s m a ll p a r tic le s  #
th e  o o s re iv s  fo rc e  s h o u ld  be ind ep e nd e n t c f  p a r tic le  s is e . F o r a
p a r tic le  w ith  th e  a p p lie d  f ie ld  a lo n g  th e  easy a x is #  th e
f ie ld  » 29^hg# w h ich  ie  th e  earns f ie ld  as th a t a t w h ich  co h e re n t
ro ta tio n  ta ke s  p la c e . 31m  -H n la #  b y  d e fin itio n #  th e  f ie ld  a t w h leh
th e  a a jp s tis a tio n  ju s t s ta r ts  to  re ve rse  b y  A o n a ts rv a ll n u e le a tie n #  aad
s in c e  Hq la  th e  f ie ld  a t w h leh  th e  m a g n e tis a tio n  la  aero# i t  eon he
seen th a t re v e rs a l b y  co h e re n t ro ta tio n  ie  e a s ie r th a n  b y  d e m a ia rw a ll
n u e le a tie n  and m ovem ent. Ttaue th e  o o e re iv e  fe ro e  s h o u ld  he a t  le a s tA
HA.  Xn p z a c tie e  # RQ< ^ #  aad la  s e n t eases# ik n s fn  n u c le a tio n  has
been observed In  p o s itiv e  f ie ld s 52* ^ .  T h is  d ise re p a n e y  w ith  th e o ry
is  known as Brown’ s paradox5**.
F ra n  p re v io u s  d is c u s s io n  and f ig s .  1 . 1 . 5 .  to  1 . 1 . 8 .#
i t  can be seen  th a t when tb s  a p p lie d  f ie ld  Is  a lo n g  tb s  p a r tic le s
easy a x is #  re v e rs a l b y  in c o h e re n t ro ta tio n  ta ke s  p la c e  fo r  a l l  geo m e trie s
2
sad  a s s t ty p e s  o f a n is o tro p y #  e xce p t m ngset e e ry  t o l l  In s  w ith  K  » Hg •
However# even when re v e rs a l Is  in c o h e re n t w ith  th e  f ie ld  a lo n g  th e  easy
a x is #  i t  beoomes co h e re n t when th e  f ie ld  Is  a p p lie d  a t a n g le s  n e a r 90°
to  th e  e asy a x is . S ines#  fo r  p a r tic le s  w ith  ta a g n e to c ry e ta H in e  
2
a n is o tro p y  K » U S # re v e rs a l Is  o ch e ra a t even when th e  f ie ld  Is  a le e g  
tb s  easy a x is #  i t  may be assum ed th a t re v e rs a l is  o o h e rsn t a t a l l  
a n g le s  o f th e  a p p lie d  f ie ld  w ith  tb s  easy a x is .
A  p a r tic le  w h leh  re u a ln s  s in g le -d o m a in  a fte r  s a tu ra tio n  
a lo n g  I t s  easy a x is  may how ever s p lit  In to  dom ains a fte r  s a tu ra tio n  
p e rp e n d ic u la r to  it s  easy tu d a 19 Tbs range o f a n g le s  fo r
th is  nay happen Is  g iv e n  fo r  a  sphe re  in  f ig .  1 . 1 . 1 .  ( 11)#  as a  
fu n c tio n  o f tb s  r a t io  o f a a g n e to e ta tlo  to  a flgnv to flvy ff1 H f**  e n e rg is e . 
T h is  re s u lt is  re le v a n t when d is e u o a ln g  tb s  rem anent to rq u e  m easurem ents 
o f s e c tio n  2 . 1 .#  ae a ls o  Is  th e  re s u lt th a t th e  a g n e tis a tlo n  ro ta te s  
c o h e re n tly  when tb s  f ie ld  Is  a p p lie d  p e rp e n d ic u la r to  th e  easy a x is .
X t s h o u ld  a ls o  be n o te d  tb e t whan th e re  s h o u ld
be no dependence o f o o e re iv e  fe ro e  on p a ck in g  d e n s ity  o f th e  m a te ria l3 .
stable position for th* magnetisation i.e. unidirectional anisotropy.
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1 . 1 . 2 .  F ra n  w het has been s a id  p re v io u s ly  i t  con bo soon
th a t v a rio u s  re q u ire m e n ts  o u s t bo a c t to  p ro v id e  a  m a te ria l s u ita b le  fo r
perm anent m agnet a p p lic a tio n s . The a n is o tro p y  m ost bo# p re fe ra b ly #
2
m a g u e to e ry s te llln e #  w ith  K»M g # to  ensure  th a t re v e rs a l o f tb s  
m a g n e tis a tio n  is  b y  co h e re n t ro ta tio n  and th a t th e re  is  no dependence 
o f c o e rc iv e  fo rc e  on p e e k in g  d e n s ity *  The ra tio s  2K/&S end Kk/&,; 
sh o u ld  bo la rg e #  i. e .  K la rg o #  Vg s n a il#  to  g iv e  a  la rg s  a n is o tro p y  
fie ld #  and a  la rg e  H^# a  la rg s  c r it ic a l s ingl y —
e ls e . However uK. is  re q u ire d  to  be la rg s  to  g iv e  a  n a te r ia l u s e fu l 
fo r  perm anent a s s e ts *  These la s t  tw o  re q u ire m e n ts  a re  c o n tra d ic to ry  
m ri henoe a  oonprem ise is  re a o h sd .
B arium  fe r r it e *5 le  e  fe rr im a & ie tld  n a te r ia l w ith  
u n ia x ia l m a im e to o ry s ta ll in e  a n is o tro p y  d e s c rib e d  b y  an a n is o tro p y  
c o n s ta n t %  *  3*5 x  e rg  on"*5 .  The s a tu ra tio n  n a g n o tls a tlo n  a t ro o n  
te m p e ra tu re  Is  * s ‘»  350 gauss# g iv in g  2J0 j g •  17.5 ko o . The s in g le - 
d o u a in  e ls e  has been c a lc u la te d  b y  Went e t a l.  as *»,1 m icron# whi ch 
is  re a so n a b ly  la rg e  com pared w ith  m ost o th e r re rm a n en t-n a go e t m a te ria ls *  
Thus b a rium  fe r r ite  s a tis fie s  th e  re q u ire m e n ts  fo r  a  s u ita b le  m a te ria l 
fo r  perm anent m agnet a p p lic a tio n s .
!» £ . Soria* o f a a u lte  on ta r lu a  f a r r l t .
R eview s o f th e  p ro p e rtie s  o f ba rium  fe r r it e  have been 
made b y  a lt  and Y i j s H a o p o r a 5^# o h lfa rth ^ #  K rlesam an55# Von A n loek^0 # 
3eh± cbn ,r***
The u n ia x ia l hexagona l fe r r ite s  o f le a d #  ba rium  and 
s tro n tiu m  have v e ry  s im ila r  p ro p e rtie s *  The dom ain s tru c tu re s  o f 
th e se  th ro e  m a te ria ls  and o f H hB i a re  v e ry  s im ila r#  s in c e  th e  dom ain 
s tru c tu re  o f a  u n ia x ia l m a te ria l depends on tb s  ra tio 1*2  1 0 /%  w hich  
is  >1  f o r  a l l  fo u r  o a t c r is is .
I n i t ia l developm ent o f b a riu m  fe r r it e  as a  pscm enent-m aguet m a te ria l 
was done b y  ^ e n t e t e l**5  end in d e p e n d e n tly  b y fa h le n fc ra o h  and H o ls  to r * 5 .  
F u rth e r developm ent# in c lu d in g  th e  p ro d u c tio n  o f m a g n e tic a lly  a n is o tro p ic  
sam ples# was done by R athanau and h is  o e n o rio s rs ^ * # F a h le rib raoh f*7# 
and JbroAeon and M s o o -w orkar s ^ * ^ 9* T h is  has le d  to  th e  developm ent 
o f m o d ifie d  ba rium  fe r r it o  C and o tro n tiu c i5* fe r r ito  m agnets# w ith  
im proved penaanent-oagne t p ro p e rtie s #  due to  th e  In d u s  to n  o f v a rio u s  
a d d itiv e s #  as re v ie w e d  b y C oohardt52 .  The ta a & ie tio  p ro p o rtio s  o f th o se  
am ple* a re  c lo s e  to  th e  th e o re tic a l maximum.
1 . 2 .2 .  t f  fw r ite a .  P auluo and lA O our53
have re v ie w e d  th e  m ethods o f g ro w in g  s in g le  c ry s ta ls  o f th e  hexagona l 
fe r r ite s  and have d e s c rib e d  a m ethod o f g ro w in g  la rg s  s in g le  c ry s ta ls
in  th e  s o lid  s ta te *  U s u a lly # -’ " ' ' c ry s ta ls  a re  {grown  in  a  m e lt o f
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Fo20^  w ith  w ith e r th e  h a lid e  c r  eaxhom te  o f th o  re q u ire d  d iv a le n t
m e ta l io n #  w here th e  r a t io  o f iro n  to  th e  d iv a le n t io n  in  6 to  1 .
An oxygen atm osphere la  u se d . E le c tr o ly tic  o c rp n e lp lta tlo n  has
a ls o  been used .  hen grow n fo r  use as a  pom anent m agnet m a te ria l#
la rg e  a y e  ta la  axe n o t re q u ire d , th e  teo h n iqu o s a re  th o se  u s u a lly
used fo r  D enude m a te ria ls 57*5®.  th e  presence o f im p u ritie s  has
been fou n d  to  a ffe c t th e  o e ^ ie tlo  p ro p e rtie s #  n o t a lw a ys a d ve rse ly#
M rf c e rta in  ia g iu r itie s  have been d e lib e ra te ly  in tro d u c e d  la  o rd e r
to  enhance th e  p ts m u s d  m agnet p ro p e rtie e 5^"*52.  I f  th e  h t o r i t ln
a re  such  as to  re p la c e  some o f th e  iro n  le n s#  changes la  th e  s a & w tle
p ro p e rtie s  w il l a ls o  be
th e  m ethod o f p re p a ra tio n  o f th e  pow ders used la
th e  p re s e n t w o rk is  d e s c rib e d  In  a e o tlo n  2*4 and is  th s  In d u s tr ia l
62
m ethod fo r  p re p a rin g  th e  perm anent m agnet m a te ria l •
1 . 2 .3 .  s & n & A & m f a m  a ftft fa te la ifa i
o f b a riu m  f e r r it e .  th s  chem ica l fo rm u la  o f b a rium  fe r r it e  la
«- • at« otur» 
w hieh  la  shewn in  f ig .  1 .2 . 3 .  ( 1 }  w h ieh  shoes th e  u n it o e ll and it s  
d im e n s io n s , th s  oxygen la y e rs  a re  d n r p d w & i b u t th e  padfedag 
dm a^ee th e n  w M o c lca c r*p a c lxv l to  hexagona l c lo so -p a cke d  a lo n e  th e  
c -o k Io  # th e la y e r In  w h ich  ba rium  re p la c e s  one o f th e  owygon lo n e  
Is  h .e .p «  w ith  re s p e c t to  th e  la y e rs  on e ith e r  s id e  o f i t  w h ile  a l l  
th e  o th e r oxygen la y e rs  a re  o .o .p . w ith  re s p e c t to  each o th e r. A 
d e s c rip tio n  o f th e  s tru c tu re  in  to m e  o f a la y o r-s tru c tu re ^  is  
p a r tic u la r ly  u s o fu l d is lo c a tio n s  in  d ie  la t t ic e .
th e  Iro n  Io n s  a re  la  f iv e  e ry e ta llo g ra p h ic a lly  
in e q u iv a ls n t c a tio n  s ite s #  in t e r s t it ia l la  th s  oxygen la y e rs *  th e  
s tru c tu re  any be o o n s id s re d  es a  s ta c k in g  o f s p in e l b lo c ks S mud 
hexagons! b lo c k s  2 # f ig .  1 .2 .3 .  ( 2 )#  d a re  th e  [ i l l ]  a x is  o f d ie  
c u b ic  s o la s ! I *  a iiig  th e  th e  e taeklB R  ao:iuenoe is
S B S ^1 . where an  a s te r is k  dotw t os th e  q p e e ifS sd  b l-ed fr tu rn e d  tiiro u g h  
180° .  th e  u n it o e ll c o n ta in s  tw o  fo n a u la  u n its  i. e .  2  s  B a F e ^ G ^ .
th e  f iv e  in e q u iv a le n t s ite s  a re  o e ta to d re l 12k  on 
th e  h e rd e r  betw een  th e  S end f t  b lo c k s #  te tra h e d ra l 4  f , » and o c ta h e d ra l 
2a  in  th e  r-b lo o k #  o c ta h e d ra l 4  fg  la  th s  ft-b lo o k #  and tr ig o n a l 2b  
la  d a  le p e r c o n ta in in g  b a rium  in  th e  M & o o k . th e se  s ite s  a re  
id e n tif ie d  la  f ig .  1 . 2 .3 .  ( 2 ) .
th s  ra agne tie  s tru c tu re  has been d e te rm ine d  b y  C o rts *^ 5 # 
A ll th e  m a& ketle  lo n e  e re  Fe5 *#  aad lie  on f iv e  m a g se tic  s u b - la ttio o o . 
th s  in te ra c tio n  betw een th e  s u b - la ttio e s  is  fe r r lm g n e tic ^ * ^ 7# th e
m eehaalsn e f e upe rw xe licneo^ a c tin g  to  a lig n  th o  m agne tic  moments o f
F ig  1 2  5  ( 3 )  T r i g o n o l Site.
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o ii^ O o u P liif; la y e rs  o f Iro n  <«**»» a n t ip a  r o lls  1 • T hus, a lo n g  th e  c—aada, 
th e  d ire c tio n  o f th e  s p in s  a lte rn a te s  fro ®  one la y e r to  th e  n ext#  h u t 
n il th o  a o s M ts  a re  p a r a lle l to  th e  o—a x is ,  to  th e  io n  on th e  2b 
s ite ,  w h ich  ie  re s p o n s ib le  fo r  th e  h i^ i u w ta ria l a n is o tro p y 39 (X  «  3«3 
x  20 eng caT5 ) .  The f le e  n a g n e tio  s u b la ttio e e  may be o o & ln e d  to  
g iv e  tw o  s u b - la ttic e ® , a  m a jo r ity  one* a# fanned  fro m  th e  io n s  on th e  
12k# 2a  and 2b  e ite e  and a  m in o rity  one# p * fVom th e  io n e  on th e  4 ^ *  
and 4 ^  e ite e . These tw o  s u b - la ttic e s  a re  a n t ip a r a lle l. The n e tt 
m a g n e tis a tio n  p e r u n it e e ll is  16 fo r d o  memento fro m  a  and -6 f e r r ic  
moments fro o  £# g iv in g  a  re s u lta n t moment o f 8  f e r r ic  moments o r 40  B ohr 
m agnetons a t a b s o lu te  s e re . T h is  is  in  good ag reement  w ith  e g p o v ta M rt^ *.
The a n is o tro p y  o f b a rlim  fe r r it e  is  a ttr ib u te d  to  th e  
fe r r ic  1orw  on th e  2a s ite 39.  A o f th e  d ip o lo *"d ip o le
in te ra c tio n s  in  th e  la t t io e  g iv e s  a  re s u lta n t a tiic o tro p y  
lo s  te m p e ra tu re s  o f - 1.5 x  103 e rg  c a "5 # tfe lo h  w ou ld  re q u ire  th e  
c n g ie tls a tio n  to  l ie  in  th e  b a s a l p lane?0 .  The e x p e rim e n ta l v a lu e  o f 
X is  44.4 X e rg s  co**5 a t l o? to o p o n tu re s , *s i4<a means th a t th e  
m g n e tls a tle a  lie s  a lo n g  th e  c -o x is . The d iffo ro n o e  b e tween th e  tw o  
v a lu e s . 5*9 x  10 o n ; csn 5 o u s t be fav some nefthrm -iM n o th e r
th a n  th s  d ip o le -d ip o le  in te ra c tio n , h f com parison w ith  th e  s tru c tu re s  
o f h e m g a n a l B r^ lo ^F o ^O ^ 71 and K T e ^O ^# 72*  in  w h ich  th e  a a g ie tis a tio n  
lie s  in  th e  b « . i p la ne #  i t  fo u n d  th a t th e  m a jo r d iffo ro n o e  was th e  
absence o f f e r r ic  io n s  ea th e  2a s ite s  la  th e se  tw o  s tru c tu re s . The 
a n is o tro p y  o f thee#  m a te ria ls  was n e g a tiv e  aad c o u ld  be aeeountod fo r  
b y  d ip o le -d ip o le  in te ra c tio n s . The la rg e  p o s itiv e  a n is o tro p y  o f b a rlu e  
fe r r it e  is  th u s  a ttr ib u te d  to  th e  fe r r ic  io n s  on th e  2a  s ite s #  w ith  
f iv e - fo ld  oxygon o o *o rd im tlo n #  f ig .  122 .3 .  (3 ) .
The m echanism  b y  w h ich  th e  a n is o tro p y  a ris e s  is  th o u g h t 
to  be s p ln -o rb it o o u p lin g  fo r  th e  io n  on th e  tr ig o n a l 2a s ite 39.  The
u n u su a l f iv e - fo ld  e y m e ts y  is  o f a  lo w  o rd e r and o r b ita l quenching  is
to  do oi^ ?ocx.ou .  aod O j/in  o r th e  io n #  and hence to o  m a g ne tic  moment# 
w il l th u s  be o o n s tra in e d  to  l ie  a lo n g  th e  syw a e try  a x is  o f th e  s ite  
i. e .  p a r a lle l to  th e  s tu d s . The g round s ta te  o f th e  f e r r ic  io n  is  
3Sry 2 la  w h ich  th e  o r b ita l a n g u la r nocm ntun Is  s e ro . Ths e ne rg y o f 
s p ln -o rb it o o u p lin g  is
® s#o . *  e qs* 1 *2 . 3 .  ( i )
where  L  is  th e  o r b ita l momentm# 3 Ie  th e  c p in  momesfcus
and 1  is  th e  e p ia -o x b it o o u p lin g  c o n s ta n t. It  1  is  se ro#  th e re  oan be 
no  s p ln rc r td t e ne rg y and no  q u a n e h lx^ . T h is  is  th e  ease fo r  a a  io n  in  
a  33y 2 s ta te . Bowever# th e  th e o ry  o f su rerexohaoge38 re q u ire s  th e
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p a r tla l tra n s  fo r  o f an o le o tro n  fro m  an oxygen a n io n  to  th o  fe r r ic  
c a tio n *  Tho re s u lta n t s ta te  o f th o  n a tio n  has a  non-se r©  L and hanoo 
quenching  nay o c c u r, S p S a ro xb it in te ra c tio n  cay o la c  occur#  *M ch# 
tw U ^ n d th  th a  quenching and th o  lo w  sys rn e try  o f th o  a lto #  m y  g iv e  
r is e  to  m ^ w to o fy a ta li ia o  a n is o tro p y  w ith  th o  o n g a e tlo  acm entc a lo n g  
th a  < r*a x i*e  A tro a ti o n t o f th o  fta iA o tm a r o f
rc ty & to p lu & b it& rty p o  hcacaycoal fe r r ite s  A o n  H a t th©  a h m  o f th #  
c rv s ta l—f ie ld  m ra s e to rs  z v o u in d  to  th o  o b s tn v d  a n is o tro rc v
axe o f a re a son a b le  la& jn itu& Q *
MHnfWaia i iitffiuW matiaBiMwftnfei rm bfiHtm 7 *
H illo  o c n fln a la g  th o  e x is te n c e  o f f iv e  a a g o o tio  s u b -la ttic e s #  seen 
to  o a s t m m  doub t an th a  ro le  o f th o  2a a lto  o a tlo n  In  d e te s n ia la g  
th a  a n is o tro p y #  b u t no  a lte rn a tiv e  sobomo to  th o  ono d lso usso d  above 
h#>a boon p roposed* Thdg  aches® w il l  bo usod in  th o  o f th a
o ffs e ts  o f d is lo c a tio n #  on th o  a a g s s tlc  p ro p e rtie s  o f b a riu n  fe r r ite #  
s e c tio n  U- l.)
u *a . , g m m  ,9t' ,v^ r— rtnffi ay-Ofi ra# MMrttnff «  tht
oaflo w t 1# p ro p e rtie s  o f bf>r1,w> f er r i te *  D u rin g  th o  p re p a ra tio n  o f
b a riu n  fe r r it e  fo r  usa aa a  sw ra a ae n t-n agao t n o to ria l#  th o  raw  o ta r tln g  
m a te ria ls  ar©  p re fix e d  a t a b o u t 1100%  to  g iv e  a n  inhonoqem ous# 
p o ly w ry s ta llia a  aass o f th o  fe r r ite **5  #57* T h is  s s a te rla l la  crushed  
4T» i th a n  p ressed  in to  shop© ond s in te re d *  Tho f in a l s in te r in g
assy bo dono a t te s p e ra tu re e  up to  1400% , Below  a b o u t 1000% # th o  
am ount o f s in te r in g  v h ie h  to te s  p la o o  la  waxy s n a il and th a  p rooess 
Is  Troo rti as a n n e a lin g *
‘■in ta r  in g #  o r f ir in g #  a t te m p e ra tu re s  n o a r 1100% 
g iv e s  a  fin e -g ra in e d  a a to ria l#  w h ilo  a t tn a p e ra tu re e  n e a r 2400% # a
*1 a#r^e **^ Wr> Th #*#• 41#a pi# i*h .runi mm# NMutt 4 *  pkwummwppI i n *cocra e  g ra in e a  s#w n#JL  r w u its  « m e s e tte r  pevewMM s nsguOwiO p ro p e rt JXi# 
ax# o b ta in e d70*75 b y  s in te r in g  In  th o  ta a p e xa tu re  rang#  2200 ♦  2250% * 
R e s u lts  fo r  u n o rio n ta to d  s ta p le s  a r t  g iv e n  in  f ig .  1 *2 *4 * ( i) #  w h ilo  
th o  a ffe c t on th o  hys te re s is  lo o p  Is  shown in  f ig *  1*2 *4 .  (2)* I t  io  
soon th a t th o  c o e rc iv e  fa ro o  io  h i^ ie e t a t th o  lo w e s t s in te r in g  
fon ipsm  t  m i a j  and desseasss c o n tin u o u s ly  w ith  tesjpe n a tu re * Tho 
re naa enos e x h ib its  a  m w im m  a t abou t 1200 *  1290% # d e cre a s in g  b o th  
a t lo o  and h ig h  te m p e ra tu re s*
F o r a lie n e d  sam pler. l* o *  in  a l l  th s  oasy
aaoso ax# p a ra lle l#  o r n e a rly  p a ra lle l#  to  eadh o th e r#  i t  is  soon fre e
f ig *  1* 2 *4 * (3 )  th a t th o  c o e rc iv e  fo rc e  fo llo w  th e  sans tre n d  as h v
th o  re a d o n ly  a lig n e d  sam ples* The h y s te re s is  lo o p s  fo r  tw o  eaap los
fix e d  a t d iffe re n t tem p e ra tu re s  ax# shown in  f ig *  1 *2 *4 * (4 ) *  The
. u
s in te r in g  o f a lig n e d  so u p le s  is  dene a fte r  th e  o rie n ta tlC M  p ro cedu re  .
- 2 9 -
I I  is  fo u n d  th a t th o  reaanone* decreases w ith  in c re a s in g  c o e rc iv o  fo rc e  
fo r  a lig n e d  sanp leo  •  in  o c s tm t w ith  th s  b e h a v io u r o f random ly 
o rie n ta te d  sam ples f ig ,  1 . 2 .4 .  (5 ) .  The renananss and  o r ie n ta tio n  e ra
I * * " *  *  •to t***, *"* * *  J J  * " •
c o e rc iv e  fo rc e  e f a lig n e d  sam ples is  la s s  th a n  th a t o f u n a lig s s d  ones # 
whan th e  degree o f o r ie n ta tio n  is  h i£ i.
The dependence o f c o e rc iv e  fe ra e  on s in te r in g  
w , 1w .  f w  th e  w s lW M g lM  1.  » .  te  < * • •
f in a l g r a ln lM  produced on th e  te e p e e *tu re  used •  th e  h ig h e r 
ts n p e ra tu re e  g iv e n  th e  la rg e r  p a rtic le s #  c h ic h  e re  a u ltld c n a in  sad hence
• * ■ ' - . v  ;• /ft2 a i ;6
have th e  le w  c o e rc iv e  fe ra e  a s s o c ia te d  w ith  d e c a lirw n ll m a m s m t  § th e  
lo w e r I n p n t t t t iM  p roduce a w a lle r p a r tic le s *  o f s in g le -d o m a in  e lse #  
w h ieh  have th e  h ig h  e o s re iv e  fe ra e  a s s o c ia te d  w ith  co h e re n t ro ta tio n  
o f th e  n e g e s tis a tio n  9 • th e c ro tic a lly  even la rg e  p a r tic le s  s h o u ld  
re s a le  s in g le -d o u a in  a fte r  s a tu ra tio n 2’* h u t S athensn e t « l ^ ' presum ed 
th a t d is lo c a tio n s  m ot as n u e la a tic n  c e n tre s  end a llo w  th s  f  e m o tio n  e f 
dom ains* w h ieh  lo w e r th e  o e c ro iv e  fo rc e  aad renanenee* th e  p ro b a b ility  
o f dona te  fo c n a tlo n  in c re a se s  w ith  p a r tle le  s in e *  aad honoo th e  e ffe c t 
o f dossain a u c lo a tio n  is  store pronounced fo r  th e  la rg e r p a r tic le s  
p roduced a t th s  h ig h e r te m p e ra tu re s . On th is  v ie w * th e  lenansnce  and 
c o e rc iv e  fo rc e  s h o u ld  in c re a s e  to g e th e r#  s in c e  th e  c o n d itio n s  nseessasy 
fea r a  h ig h  v a lu e  o f one are co nducive  to  a h ig h  v a lu e  o f th e  o th e r,
V g r th e  a lig n e d  sa n p le e * th e  dependence e f th e  c o e rc iv e  
fo rc e  on s in te r in g  te m p e ra tu re  is  p a r tly  h ie  to  th e  e ffe c t o f v a ry in g  
g x n la rs is e *  as fo r  th e  ra n d o m ly -a lie n e d  sam ples. A n o th e r e ffe c t a le e
cones In to  p la y  when a l l  tb s  p a r tic le s  have th e ir  easy anas a lig n e d
37p a r a lle l « th is  Is  th e  novanen t e f dona In s  fo rc e d  In  one p a r tic le *
th ro u g h  a n o th e r one# th u s  re v e rs in g  th e  a a g s e tla a tla a  o f th e  ccoond
p a r tio le  b y  d e w a in re a ll n o tio n #  ra th e r U s a  b y  co h e re n t ro ta tio n , Xn
a d d itio n #  th e  movement  o f d e ta in s  b y  an a p p lie d  f ie ld  la  e a s ie r in
a lig n e d  p a r tic le s  th a n  la  p a r tic le s  whose easy axes oaks an a n g le  w ith
th e  a p p lie d  f T h e  o r ie n ta tio n  o f a lig n e d  sam ples Is  a ls o
80 81 *•
impro v ed by s in te r in g  9 # th u s  in c re a s in g  th s  renanenot#  b u t causing  
th e  fo m a tlo n  e f la rg e r g ra in s #  and fa c ilita t in g  th e  passage o f dona in -  
w a lls  betw een g ra in s #  house lo w e rin g  th e  c o e rc iv e  fo rc e . A iln p ls  
th e o re tic a l a n a ly s is  o f dona te  f  o x m tlo n  b y  fts th o n sn  e t a l.  I nd icate s  
th a t d e ta in s  w il l fe n s  a t f ie ld s  b a le s  a  c r it ic a l f ie ld  g iv e n  b y
j^ ( . )  .  -  M B  1 . 2A . ( lJ
Cm  »
where 0 Is  th e  a n g le  th e  f ie ld  laabsa w ith  th e  easy a x le #  H is  th s  
d n a g s t liim  fa c to r  a lo n g  th s  easy a x is #  I  is  th e  a a g n s tis a tto a  and 
Mg th e  s a tu ra tio n  n e g n e tls a tio a *
-vQ—
F o r a  p a r tic le  w ith  th e  easy a x is  a le n g  th e  a p p lie d  fie ld #  Ho(0° )  »  0 
end dom ain n u c le a tio n  ta ke s  p la c e  in  n e g a tiv e  f ie ld s *  I f  6  ^  0°#
Ho( 0 ) > o  end d e n a ia  n u o la o tio n  taken  p la c e  in  p o s itiv e  f ie ld s *  nonce 
d e p a rtu re s  fro m  co h e re n t ro ta tio n  w il l  ta k e  p la o e  in  m a H p n d  p a r tic le s  
in  p o s itiv e  fie ld s #  h u t in  a lig n e d  p a r tic le s  in  n e g a tiv e  f ie ld s *  A lso #  
th e  b e tte r th e  degree c f  a lig n m e n t#  th e  h ig h e r th e  renononce w il l ho# 
s in c e  a c re  p a r tic le s  w il l rem a in  s a tu ra te d . These m a rk s  a re  b o m  
o u t b y  f ig s *  1 . 2 .4 . ( 2 )  and 1^ . 4 . ( 4 )  h e ro  th e  cu rves fo r  co h e re n t 
ro ta tio n  a ro  sheen ,
An a lte m tiv e  e x p la n a tio n  o f th e  v a r ia tio n  o f o o e re ive  
fe ro e  w ith  s in te r in g  te m p e ra tu re  has been g ive n  b y  Iva n o v  o t a l.32 and 
n fc to l’ tc 85 .  I t  la  presum ed th a t th e  s in te r in g  a t th e  lo w e r terapenatu ros 
g iv e s  a  n a n re q u ilib riu n  s tru c tu re #  w h ich  g iv e s  r is e  to  th e  h ig h e r c o e rc iv e  
fe ro e . The e x is te n c e  o f a  second phase ie  p o s tu la te d #  e h io h  has In fe r io r  
m agne tic p ro p e rtie s  com pared to  th e  b a riu m  f n r r it e .  The mechanism b y  
w h ich  th is  eeeond phase g iv e s  a  M g h  o o e re iv e  fo rc e  la  n o t s ta te d #  b e t 
i t  may a c t in  a s im ila r  way to  a  w e a kly  m agne tic o r n o n rn a g ie tle  a s tr lx  
in  c e rta in  o th e r a o g n o tio  syetos® 3 # w here s tro n g ly  a o g s e tie  p a r tic le s  
a re  is o la te d  t r m  one a n o th e r b y  th e  r r a tr lx . The am ount o f th is  second 
w ham  is  fro s in o d  le s s  a fte r  s in te r in g  a t  th e  h ig h e r to a p o ra tu ro o  
h e m  th e  o o e re ive  fo ro e  la  le e s . F u rth e r s u p p o rt fo r  th is  th e o ry  la  
o b ta in e d  fro m  re s u lts  on th e  e a tu ra tlo n  m a & se tla a tio n #  w h ich  ia  lo w e r 
fo r  th o  h ig h e r o o e re ive  fo rc e  m a te ria l#  a s  i t  w ou ld  be I f  th e re  w ere 
se re  o f th e  w e a k ly  m agse tie  phase. T h is  th o rn y  ia  a ls o  su p p o rte d  b y  th o  
re s u lts  o f Brockm an e t a l.*9  who re p o rte d  th o  p resence o f a  second phase 
in  h ig h  o o e re iv e  fe ro e  m a te ria l s in te re d  a t  th e  lo w e r te o p o ra tu rs a . The 
m te r ia l w ith  th e  b e a t p e m n e ix t-ra g ie tlo  p ro p e rtie s  was a ls o  p re p a re d  
fro m  a n o e rm to ie h io ta o tric  r a t io  o f s ta r tin g  m a te ria ls #  and th e  f ir ln g  
c y c le  was such aa to  produce a  n o n re q u ilib riu m  M a te r ia l.
V a rio u s  in v e s tig a to rs  have re p o rte d  on th e  e ffe c t c f  
n d lltn g  on th e  n a g n e tio  p ro p e rtie s  o f penancesnt-aagnot tm to rla la ^ 9#^ ^ 1 .  
F o r b a rium  fe r r ite #  tw o  typ e s  o f b e b e v io u r have been fo u n d . I f  th e  
s ln te ro d  m a te ria l baa a  lo w  o o e re iv e  fo re s  in it ia lly #  i* e .  le a s  th a n  
a b o u t 1000 0e» M illin g  in c re a se s  th e  o o e re ive  fo ro e #  th e  va lu e  o f 
fb le fi nay  th e n  to  a U n it  or dew — t o  a  lo w  m l no I f
th e  o o e re ive  fo r a  la  I n i t ia l ly  h ig h . i. e .  g re a te r th a n  sh o u t 2000 Oe# 
m illin g  decreases th e  o o e re ive  fo rc e  w t&oh s ay  th e n  tra d  to  a  lim it  
o r o o n tis n o u e ly  decrease fo r  th e  lo n g e s t **411 f i g  S e ve ra l
t heei h e  have been used to  th e se  re s u lts .  A ll th e o ris e  e x p la in
th e  In c re a se  o f o o e re ive  fo re s  o f th e  lo w -c o e rc iv e  fo rc e  m a te ria ls  
w ith  in i t ia l  m illin g  b y  th e  re d u e t io n  c f  p a r tic le  e ls e  fro m  jilt id O in in  
to  e in g b e -d e o a in  a le e . Tho re d u c tio n  o f th e  o o e re iv e  fo ro e  o f th e
-31'
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hi^s~oeercive force notarial# the tending to a Unit frith extended 
or the reduction after an initial inoraaao# are explained by 
other theories.
Hsinhe®5 haa need the Idea, ef Sateeuau et al. that 
disloo&ticns act ae raioloation centres for donates • The dislocations 
rednoe the anisotropy by changing the fcrrimgnotio coupling schcrae 
in the crystal. Abraham and Aharcni52 have shown theoretically that 
a region in a crystal where tec anisotropy is reduced con cot as a 
dooaiirmll nucleation centre, Milling tho higfr*ooiclvc »foroe aawple 
reduces its catenation magnetisation t this result soy else he 
explained by the changing of the fcrrtec^actio coupling in the aryetal. 
The shape of the ,.li0 versus willing time curve is explained for tee 
lo**eoerolve*feroe material# curve *a" fig. 1.2«4. (6) by the influence 
o f tec exposing footer* t the reduction of particle else increases 
„Hc, but the tecrsase in the dteleoaticn density deersasee %tlQ* 'Use 
former factor outweighs the latter# g iv in g  a nstt increase In giic.
I f  te e  c q u ilib r iitA  d is lo c a tio n  d e n s ity  is  reached b e fo re  th e  c p tia u o  
p a r tic le  s ic e #  th e  c u rve  ten d s to  a  U n it#  th e  v a lu e  o f w h ioh  depends 
on th e  typ e  o f s i l l  u se d . I f  th e  o p tla u a  p a r tic le  e ls e  is  reached 
b e fo re  th e  e q u ilib r lu a  d te le o a tic n  d e n s ity  is  e s ta b lis h e d #  th e  c o e rc iv e  
fo rc e  any decrease a g a in . F o r th e  fcd g h ro oe ro ivo  fo rc e  sam ple# cu rve  "b " 
f ig .  1 . 2 .4 * ( 6 )#  th e  p a r tic le  e ls e  la  aasuaed to  he optim um  b e fo re  
w in in g . Honoc te e  in trc d u o tic n  e f d is lo c a tio n s  lew s re  ffiQ w h ich  tends 
to  a  lim it *  i f  t iio  a iii in ^  tin e  is  lo n g  onou< ~h$ w h ich  depends on te e  
c q u ilih r iu n  d is lo c a tio n  d e n s ity . The typ e  e f &1U  used de te rm ine s 
th e  va lu e  o f te f o U n it .  A nnea l In c  j#  presum ed to
h e e l d is lo c a tio n s  i  th u s  in c re a s in g  A  end te e  e a te m tle n  a a p w tia a tlo n } 
f ig *  1 . 2 .4 .  ( 7 ) *  Tho e ffe c t o f p ro lo n g e d  a n n e a lin g  te  shown in  f ig .  
1 . 2 .4 # ( 8 )  where i t  te aeon te a t te e  v a lu e  o f -c tends to  a  co n s ta n t 
va lu e#  dopC'H .c u t cn th e  in i t ia l  v a lu e  end te c  e f o d JL lin g . The
d iffc rc n o o  in  th is  f in a l va lu e  o f -JlQ fo r  m a te ria l ”b ”  a llie d  fo r  tw o 
d if f  e re n t t lw f t  te  1 ecu th a n  te e  d iffe re n c e  fo r  n a te r te l V  
fo r  th e  cane tin e s . T h is  re s u lt is  e x p la in e d  b y  te e  dependence o f th o  
c o e rc iv e  fo rc e  on th e  f in a l p a r tic le  e ls e  a fte r  a l l !  la g  and p ro lo n g e d  
a n n e a lin g . The p a r tic le s  o f ” a * w ere end hence th e
re d u c tio n  I k  e ls e  te  a in g lc ^ d c m te  had a  la rg o  e ffe c t an te e  c o e rc iv e  
fo rc e . F o r n o to r ia l "b ” # th e  p a r tic le s  were a lre a d y  a t c r  n e a r s in g le *  
dom ain e ls e  b e fo re  n il)  la g  and hence te e  change in  p a r tic le  e ls e  had 
o n ly  a  s n a il e ffe c t. The v a lu e  o f yfl depends on th e  p a r tic le  e lse #  
w hieh is  le e s  f o r  ” fe* th a n  i t  te  fo r  "a * .
Tenser90 has o g p la ln o d  h is  re s u lts ,f& g . 1 . 2 *4 . ( 9 ), 
p resum ing th a t m illin g  la tro dm oe s p a r tic le s  c f supe rpa ram agnctie  
e ls e . Ik  th o se  p a r tic le s 50# th e  th e rm a l energy is  com parable to  th o  
a n is o tro p y  e ne rg y* oo th a t th o  m a g n e tis a tio n  may bo re v e rte d  b y  
th e rtm l a g ita tio n . The euperparam agaetio  e ls e *  below  w h ich  th o  th e rm a l 
e ffe c ts  a re  im p o rta n t* Tg * is  g iv e n  by
T§ w 25 W / K  cqn. 1.2.4.(2)
k  is  B o lts^xum *s c o n s ta n t* T is  th e  o b t f lii t t  te m p e ra tu re  fiwd 
X is  th e  a n is o tro p y  c o n s ta n t. The in i t ia l  in c re a se  in  is  a g a in  
a s c rib e d  to  th e  re d u c tio n  in  p a r tic le  s is e  fro m  m u lti-  to  s ia g b e -d o n a in  
s is e . Che doorcase w ith  p ro lo n g e d  m il lin g  is  duo to  tb s  la c ro s s e  o f 
th e  aaount o f s u p o rra m m g n o tic  m a te ria l p re s e n t* w h ich  has so ro  
c o e rc iv e  fo ro e  and reaaaonoe and hence has a  d e trim e n ta l e ffe c t on 
th e  m agne tic  p ro p e r tie s * *  The e ffe c t o f tea p eva ta rB  changes on th o  
o o e re ive  fo ro e  a re  a lo e  e x p la in e d  cm th is  b a s is  f ig .  1 . 2 *4 .  (9 ) .  fo r  
s h o rt n illin g  tin e s *  re d u c in g  th o  te m p e ra tu re  lo w e rs  gJIQf te e  to  th e  
c r it ic a l s in g lo -d o o a in  s is e  d e c re a s in g  i. e .  p a r tic le s  w h ich  wore be low  
th o  s in g le -d o m a in  a ls o  a re  now above i t .  F o r lo n g  m illin g  tin e s *  
re d u c in g  th e  te m pe ra tu re  in c re a s e s  , J ic * due to  th e  re d u c tio n  in  th o  
o r lt lo a l s u p e rp a ra a a g a e titi s is o  i. e .  p a r tic le s  w h loh  w ere supeorpara- 
a & g n e tie  a t roam  te m pe ra tu re  booono s in g le -d o m a in  a t lo w  te m p e ra tu re s . 
Thus a fte r  p ro lo n g e d  m illin g *  th e  am ount o f su po sp a ran a gn o tlc  m a te ria l 
p re s e n t has a  w orked e ffe c t on th e  m a g n e tic  p ro p e rtie s . The e ffe c t 
c f  hyd ros ta t  lc  p re ssu re  on th e  c o e rc iv e  fo rc e  o f a  ponder m ille d  fo r  
a  lo n g  t in e  p ro v id e s  support fo r  th is  e q p lia ttfc N ^ flg *  1 . 2 . 4 .  ( 10 )#
The o o e re ive  fo ro e  in i t ia l ly  in c re a s e s , duo to  th e  e ffe c tiv e  p a r tic le  
s is o  in c re a s in g  i. e .  th e  e ffe c tiv e  am ount o f o u p o rp a ra n a g n s tlo  m a te ria l 
decreases te e  to  in c re a se d  c o n ta c t betw een th e  p a r tic le s . A fte r  
re a c h in g  a  aaartm m , th o  c o e rc iv e  fn ro s  decreases* due to  th e  e a s ie r 
passage o f d o r/iin r. betw een  p a r tic le s . F o r a  sam ple w ith  in it ia l ly  
h i#  ^ c» s ta t ic  p roa  su re  causes a  decrease85*90,  f ig .  1 *2 .4 .  ( 10) *  
presum ab ly due to  n u ltld o n a in  e ffe c ts  te e  to  th e  e a s ie r passage o f 
1 f  'between p a r tic le s . A n n u a lin g  m ille d  tW ^pIos * f ln rmiiiOS 
l|H g ,  te e  to  th e  su p e rp a ra n a g n s tio  p a r tic le s  b e in g  m ore re a c tiv e  th a n  
th e  la rg e r o ne s. Thus a n n e a lin g  reduces th e  am ount o f s u ro rp a ra a a g n s tio  
m a te ria l p re s e n t, th e re b y  im p ro v in g  th e  o a ^a e tie  p ro p e rtie s .
’ A Vd' '
F a H o n b ra cV  has e x p la in e d  h is  re s u lts  in  a  s im ila r  
m anner* e xce p t th a t ho presum e* th a t d is lo c a tio n s  lo w e r th o  a n is o tro p y  
c o n s ta n t X and honoo in c re a s e  th o  o r lt lo a l supe r; a ra m a gn ctio  s is o *  Vf l .
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Powder no*
vF e e e
oe g/em 5 oe g/evP
A 1270 - 3100 mm
B 1170 2.52 3050 2.42
C 1140 2.98 2740 2.83
D 1120 5.37 2120 3.09
I 1090 4.0 1920 4.0
F 1125 4.0 2160 4.0
0 1175 4*0 2390 4.0
Pow der 1 t u n tre a te d
Pow der 2 : a n n e a le d  30 m in . a t 1100°C .
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0» 20% " H M
T a b le  1 * 2 . 4 ( 1 )
B a riu m  f e r r it e  s in te re d  a t 1400°C . ^5  *  20 oe *
d t s in te re d  specim en  ZSOfr 55^  3 . 5 /*  1- ^ t
OL  e .m .u * 70  70  69  67  69
B ariu m  f e r r it e  s in te re d  a t 1200°C * « 2000 oe*
d t s in te re d  specim en  4 . 7 fi 1 *6 f*- 1 . 5^  1* 1/H
<%  e .m .u , 67  63*5  63.0  37.5  49.5
T a b le  1 *2 . 4 ( 2 )
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is  th e  "  s m s  vo lum e*
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P o r t i c l e  d i a m e t e r ,  ( c m )
F ig .  1.2.4. ( 1 2 )
A f t e r  a .c
dem agnetization
C o e r c i v e  f o r c e  MH C a s  
a  f u n c t i o n  o f  p a r t i c l e  
d i a m e t e r  ( o r  p a r t i c l e  
t h i c k n e s s ) ,  f o r  i r o n  , b a r i u m  
f e r r i t e ,  a n d  m a n g a n e s e  
b i s m u t h .  R e f .  9 6
X lOs Oe
I n t r i n s i c  . c o e r c i v e  f o r c e
0 5
Fig. t h r e e
w i t h
1 2 .4  ( 1 5 )  R e v e r s i b l e  s u s c e p t i b i l i t y  in  
d i f f e r e n t  m a g n e t i c  s t a t e s  
0 » - H  = O , p l o t t e d  v e r s u s  t h e  
r e c i p r o c a l  o f  i n t r i n s i c  c o e r c i v e  
f o r c e .  R e f .  9 6 .
Axmealing reduces tho number of euj arparaoagaotie particles# both by 
causing thorn to react# a# above# and by healing dislocations. The 
©fioct of pressure i*e* packing density# cn tho coercive force# 
table 1*2*4* (1); ie duo to the introduction of defect# by the Treasure*
The effect le acre narked fo r  the samples with h i #  ^ lQ than for those 
tilth lor gHc beceuee Hie fractional change in dislocation density ie 
greater f o r  Hie high samples# which had the lover initial dislocation 
density* The addition of a binder# which acts as a lubricant# gives 
a higher ,ii even though the sane sample density is used* A lso# 
sintering of an aligned sample to a high density gives a higher :?HC 
value then for a pressed# unalignod sample# ooteraxy to the usual 
reduction of ^ H0 in aligned eccsplos52* The presence of a lubricate 
reduces the stress on the particles thus reducing the masher of 
dislocations introduced# chile the sintering process Is assumed to  
introduce no dislocations •
Iva n o v  e t a l#®2*55 have e x p la in e d  th e  re d u c tio n  in  
gB0 o f th e ir  h ig h -o o e ro iv c -fa ro e  sam ple w ith  n illla g # f lg .  l * 2 «4 * (H )»  
as b e in g  due to  th e  m illin g  p rocess ohan^Lng H ie  c ry s ta l s tru c tu re  o f 
th e  besifcm  fe s v lte  in to  th e  second phase (w ith  in fe r io r  m agne tic 
p ro p e rtie s  com pared w ith  th e  b u lk  m a te ria l) w h ich  caused th e  h ig h * 
o c e ro iv e -fo ro e  s ta te  in  H ie  s in te re d  m a te ria l*  The presence o f la rg e  
am ounts o f th is  oeeond phase# w ith  lo se r  coe rc ive fo rc e  and  raxensnoe 
th a n  b a riu m  fe r r ite #  reduces th e  p exaanen t-m agce tic  p ro p e rtie s  o f th e  
sam ple* The s a tu ra tio n  m a g n e tis a tio n  o f H ie  tft-fO e  is  a ls o  roduoed oy 
m illin g #  ta b le  1* 2 *4 * ( 2 ) / and th is  ie  ta k e n  as fh r th e r  ev idence  o f th e  
presence o f a  second phase w ith  in fe r io r  magma t ie  p ro p e rtie s #  due to  
a  a a n g o  In  cm ys ta l s tru c tu re *  The effete o f m illin g  on ,jK r  fo r  a  
sam ple w ith  an in it ia l ly  lo r  va lu e  is  duo to  H ie  reduct io n  in  p a r tib le  
e ls e  fro m  a u lt i- to  s in g le - dom ain* The am ount o f second phase a le e  
ine rsaeee#  b u t th e  re d u c tio n  in  p a r tic le  e ls e  is  m ore im p o rta n t fo r  
th is  sam ple* The s a tu ra tio n  m a g n e tis a tio n  a ls o  decreases# ta b le  1*2*4 * (2 )  
m w m k m f t *  th e  M «l» gH8  S in t* r ln c  th e  a llie d
sam ples in c re a se s  and th e  s a tu ra tio n  m a g n e tis a tio n  by re d u c in g  
th e  am ount o f second phase* Z t is  n o t s ta te d  id ia t th e  fo rm  o f th is  
second phase nmy be# b u t i t  may be th e  sane as th a t fo u n d  b y  B rookhan 
• t  *JLW ,  o r e ls e  I t  sn y  be th e  d e fe c t ba rium  fb r r it e  s tru c tu re  o f 
Htemhs^5  and Fahleakm ock5^ *
I A9
Torkai- and Frederihsen have also chservod a decrease 
of satusetlett magnetisation with decrease of particle else# table 
1*2*4* (5i* They attributed this to the presence of a dicturbod 
surfao© layer an the particles# introduced by milling* This layer# 
with inferior nngKtl o properties compared to the bulk materiel may be
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th e  sane as th©  d e fe c t s tru c tu re  ra n tia n e d  p re v io u s ly .
The dependence o f o o e rc iv o  fo re s  on p a r tic le  s is o  
saqr bo fou n d  in  tb s  p re c e d in g  re s u lts . Tbs re s u lts  o f v a rio u s  w orfcera*9*35*39 
a re  shown in  f ig .  1 . 2 .4 .  ( 12)#  w h ich  in c lu d e s  sons re s u lts  fo r  o th e r 
m a te ria ls 9***95* •  X t is  ssoxi th a t#  in  g ene ra l#  in c re a s e s  w ith  
d e c re a s in g  p a r tic le  s is o , a lth o u g h  fo r  s in te re d  sam ples o f b a ris a  fe r r it e  
fo r  ih io h  th o  in i t ia l  c o e rc iv e  fo rc e  is  h  # #  m in in g  reduces i t  i. e .
decreases w ith  tecw M Efffn g p a r tic le  s is o . However#  a n n e a lin g  th e  
b ille d  M wn in ft v h ic h  th is  a iu x ix ilo u s  b o h & v io u r in c re a s e s  J i  .  
back to  a  h ig h e r v a lu e  th a n  th o  in i t ia l  one* th u s  g iv in g  ag rescm xt w ith  
tb s  g e n e ra l tre n d  f ig .  1 .2 .4 .  ( 12 ) .  The anom alous b e h a v io u r o f th e se
sam ples w ith  an  in it ia l ly  h i#  J d . is  te e  to  o th e r o fT o o ts#  a p a rt t r m80 91
re d u c tio n  in  p a r tic le  s is o #  b e in g  p redom inan t i. o .  d is lo c a tio n  d e n s ity
— — — - .  W ^ Mt — — ——■--- — - -  -----------  — .4. A -to. d a  •   ^ 2 <r •O jmm im  i  AAsecond phase # a p c rp iz a e g M v lo  p a r tic le s  o r uiSTRuroea s u rfa c e  
X ^ w 87.
The influonoo of do^ -aino on the uagnc'tio properties 
of barium ferrite uay also be soon in the variation of the susceptibility 
with ooereive foroe. Sixtus st al93 haws considered the value of tho 
siinopiihfltty x  for three different ra gratis states of their ■■glni i
(a) after thermal demagnetisation# (b ) after A.C. demagnetisation# 
and (o) at lbs point. They found# fig. 1.2.4. (13)# that x a > x b > xc 
end that varied inversely with JSII0# xq for all osnplso# aad all values 
of x  for hl#-ooorclTo-forao temples# wore oloso to the value for 
coherent rotation. Xt was auoooaed that tho formed after (a )
wore scars mobile than those present after (b). After (a) the draalra 
would be expected to bo randomly distributed in almoefc all particles# 
but after (b) sons particles nl#t remain single-domain# 4-nfl the Affiftlnw 
w h ich  were present w ou ld  be expected to have stopped nowing at points 
in the parUelee where tH wrv wove barriers to not ton. Xbns xQ*
sh o u ld  bo g re a te r th a n  xb A t th o  gB0  p o in t#  (o )#  th e  p redom inan t 
p roooss is  o o b e re n t ro ta tio n #  and any dom ains w h ich  were p re s e n t w ou ld  
have boon n u c le a te d #  p re fe re n tia lly #  a t  p o in ts  o f lo w  a n is o tro p y 92 and
th e re 5 * Thus x  s h o u ld  bo th o  lo w e s t o f th e  th re e .C
The h ig h e r th e  v ri* *#  o f ^  th e  fe w e r dam **** th e re  w il l tm  p re se n t#  
and a l l  va lu oo  o f e ra o e p tib ility  m ould bo reduced tow ards th©  o o h o ro n t 
ro ta tio n  v a lu e .
The te m p e ra tu re  dependence o f pllQ p ro v id e s  fu r th e r  
s u p p o rt fo r  tb s  in f lu  ra ce  o f d o ra in s  on th e  ra g a c tio  p ro p o rtio s  o f 
ba rium  fe r r it e .  The fo llo w in g  p ro p e rtie s  a re  shown la  f ig .  X .2 .4 .  ( 34)  
as a  fu n c tio n  o f te m p e ra tu re  t  a ) s a tu ra tio n  ra g w tia a tic n j b ) th e o re tic a l 
nmd e xp e rim e n ta l o o e re iv e  fo r oe fo r  m a d o n ly  a lig n e d  sam ples; 
o ) a n is o tro p y  c o n s ta n t; and d ) th o  o r lt lo a l s in g le -d o m a in  s is o #  w hioh
J = M C H ) / M *
F ig .  1 .2 .5  Cl) T h e o r e t i c a l  a n d
e x p e r i m e n t a l  d e p e n d e n c e  
o f  r e d u c e d  m a g n e t i z a t i o n  
j  = M C H ) /M c ,  o n  r e d u c e d  
f i e l d  h = H / H A f o r  o  
6 F e a 0 5 — P b O  c r y s t a l .
R e f. 9 7
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F ig .  1 .2 .5  C 3 )  N u c l e a t i o n  f i e l d  o f  
a  S r O *  4 F e a O s * 2 A l a O s  
s i n g l e  c r y s t a l  a s  a  
F u n c t i o n  o f  t h e  
s a t u r a t i n g  F i e l d
is  pr g p c rt io n a l tc  I^ A g *  g acept  f o r  sam ples v ith  v e ry  le v  va lu e s  o f 
j j2i0 th e  t — p s rn tu rs  v a r ia tio n  o f th e  e e e ro iv c  fo re ©  o f a l l  aaaplee is  
s im ila r  to  th a t in  f ig *  1 *2 *4 * (14 )  h )*  There la  a  c h a ra c te r is tic  
m axiwarn c t  abo u t 300° 0# and th e  cu rve  fa lls  be low  th e  th e o re tic a l one 
a t le w  te m p e ra tu re s* T h is  is  e x p la in e d  b y  a  b a la n ce  betw een tw o 
opposing  fa c to rs *  Ths c r it ic a l s ln g le -d o m lm  e lse #  o h ic h  Is  p ro p o rtio n a l 
t c  v a rie s  w ith  te m p e ra tu re  as in  f ig *  1 *2 *4 * (14 ) *  ro a o h in g  a
naxiaran J u s t be lo w th e  C u rls  p o in t#  450% * Bsnoe sens p a r tic le s  w h ieh  
w ore tzi I t id ir a in  s is c  a t ro ca  te m p e ra tu re  bacons ft1 a t h ig h
tem pera tu res#  ln s rc a s in g  The n o b ility  o f th e  d o o a in ru a llc #
w h ich  v a rie s  w ith  te m p e ra tu re  a s  Ino roosoc e iltb  tem pe ra tu re#  end 
hence any dom ains w h ich  a rc  p re s e n t a rc  none e ffe c tiv e  a t ca u s in g  
re v e rs a l a t th e  h ig h e r ts n p e ra tu ro s #  th u s  re d u c in g  vp Q* There a rc  
le e s  to e in g  a t h l^ e r  tem pe ra tu re#  b u t th e y  a rc  a c re  a c to ilc . The 
ba l anoc betw een  th e  tw e te e te rs  g ive e  th e  am riiwaa a t 300% * and n o t 
J u s t b d o ?  th e  C u rie  p o in t. A t lo w  ts n p c s a tu rs s * th e  in v e rs e  a p p lie s  t 
th e re  a re  a c re  dorm in s #  b u t th e y  a re  le a s  m o b ile * FreeunehSy# th e re  
n ig h t be  a  m in im i a t lo w  te m p e ra tu re s  in  th e  gBL ve rsu s  9  cu rves#  b u t 
m easurem ents have n e t been cc.de a t lo w enough lo ijp o ra + u rc  c , n ix tu s  e t 
a l* 5®# ta k in g  in to  a cco u n t th e  v a r ia tio n  o f a n ! th e  e r it ic e l e ls e
w ith  te m p e ra tu re  and assum ing th a t a  f ie ld  *  W n a c te d
in  each p a rtib le #  n o d lfis d  th s  th e o re tio a l l?HQ cu rve  te  g iv e  b e tte r  
ag rssoen t  betw een th e o s y  and e xp e rim e n t* The sam ples w ith  h ig h  gH0 
approached vexy c lo s e ly  to  th e  th e o re tio s l p re d ic tio n s .
The ts n p e ra tu rs  v a r ia tio n  o f te e  s u s c e p tib ility  
e x h ib its  a  m in im i a t a b o u t 300% # as ose w ou ld  e x p e c t fro m  I t s  in v e rs e  
dependence os gBQ» f ig ,  1 *2 *4 * ( 13)  and th s  ts n p e ra tu rs  v a r ia tio n  o f 
g B '#  f ig ,  1 . 2 .4 * ( 14 )#
I
In  th e  p re v io u s
s e c tio n #  tb s  O spsnflsnot e f ossr e ive  fo rc e  on p re p a ra tiv e  tT C sb m n t 
cad p a r tic le  s is c  was d iscu sse d * T h is  s e c tio n  d iscu sse s th s  g e n e ra l 
dependence o f th s  shape o f th e  c s 'p o t in t lM  c u rves and h y s te re s is  1oops 
on p a r tic le  e lse #  w ith o u t any re fe re n c e  to  te e  m ethods o f p re p a ra tio n .
fo r  la rg o  p a r ti d a s #  te e  ra r. *jn o t  i  sa t  i  on
cu rves shoe vcxy  l i t t l e  h y s te re s is 57* 50# as expected  when th e  c o e rc iv e  
fo rc e  a ris e s  fre e  b a rr ie rs  to  d o e a s ia n a ll n o tio n *  The dependence o f 
te e  shape o f th e  cu rves on te c  a ng le #  0 ,  betw een th e  a p p lie d  f ie ld  and 
te c  easy a x is  is  shown in  f ig *  1 *2 *5 * ( 1 ) *  The in i t ia l  lin e a r  p o rtio n  
of th o  cu rve  is  governed b y  th s  rc q a lm asn t te a t te e  in te rn a l f ie ld  
sh o u ld  rem a in  se re  i  th e  m a g n e tis a tio n  ofaancco s e  te a t te e  to  ^ /n o tic in g  
f ie ld  Up 9  *  AxZttg e x a c tly  ca n ce ls  te e  a p p lie d  f ie ld *  T h is  is  a ch ie ve d
-2*1-
b y  th e  re la tiv e  volum e o f domain s  o rie n ta te d  fa v o u ra b ly  w ith  re e p e o t 
to  th e  f ie ld  g ro w in g  a t th e  ewpense o f u n fa v o u ra b ly  o rie n ta te d  dom ains* 
whan th e  iw M pict& aatlon  e q u a ls  H g, o n ly  th e  fa v o u ra b ly  o rie n ta te d  
e x is t*  th e  m a g n e tis a tio n  ohengee b y  re ta tio n  o f th e  
m a g n e tis a tio n  v e c to r* In  th a  s p e e ia l oases < f |  •  0 ,  |  9 s a tu ra tio n  
la  reaehed la  f ie ld s  o f Hp end re s p e c tiv e ly , n h e r* «h U  th e  
a n is o tro p y  f ie ld *  P e r o th e r a n g le s , s a tu ra tio n  is  o n ly  a ch ieve d  in  
in f in it e ly  la rg e  f ie ld s
P e r p a r tic le s  ju s t shove th e  /n g le -d o a a in  e lse #  w h ite  
have o n ly  e  fe e  dom ains, th e  p rooess o f d s ra in ^ n a ll n ove oe n t is
qq inn
H u w re tl r a lly  h a rd e r th e n  la  v e ry  la rg e  p a r ti e ls e  77.  Itw se te e rg  e t.a l 
used a c ry s ta l o f SxO* UPmJ)y  2 A l^ O ^# fo r  w h ite  th e  s in g le -d o m a in  
e ls e  Is  e b e u t 3p# in  w h ite  th e re  w ere o n ly  a  t m  dom ains, to  s tu d y  H ie  
m a g n e tisa tio n  p roeees* S ta rtin g  f t w  th e  t ih im ll jr  dem agnetised s ta te , 
a f ie ld  wee a p p lie d , ju s t s u fflo ie n t to  s a tu ra te  th e  p a r tle le , f ig *  
1* 2*5 * ( 2) *  R e ve rsa l o f th e  *aageeti8a tlo n  ta s k  p la c e  b y  d o e a in ^ a ll 
n u c le a tlo n  and g ro w th , in  a  f ie ld  H ^ *  The m agnitude and a lg a  o f th e  
n u o le a tlo a  f ie ld  v a rie d  w ith  th e  maximum a p p lie d  f ie ld ,  f ig *  1* 2* 5* ( 3)«  
Above a  mawtnmn va lu e  o f HSa,  H ie  re v e rs a l o f th e  m a g n e tis a tio n  was to o  
a b ru p t to  be observed b y  th e  te ch n iq u e  u sed , b u t th e  m a g n e tis a tio n  lo o p  
became re c t ang u la r* P e r seme c ry s ta ls  th e  re v e rs a l f ie ld  o f H ie  
re c ta n g u la r lo o p  was * a *  w h ile  tor o th e rs , th e  maximum v a lu e  o f th e  
re v e rs a l f ie ld  was m ute h ig h e r* In  a l l  ca ses, th e  maximum re v e rs a l f ie ld  
was le e s  th a n  H ie  v a lu e  neoeeeaxy fo r  co h e re n t ro ta tio n *  X t was presum ed 
th a t s tru c tu ra l im p e rfe c tio n s  a c te d  ae d o m a in -w a ll n u c le a tlo n -c e n tre s , 
b u t th a t th e  b e h a v io u r o f th e se  c e n tre s  depended on th e  m agne tle  h is to ry  
o f th e  p a r tle le , g iv in g  r is e  to  th e  v a r ia tio n  o f n u e le a tlo a  f ie ld  w ith  
maximum a p p lie d  f ie ld *  S im ila r re s u lts  have been re p o rte d  fo r  M n B l*°* 
end TFsO j *
■ a irh ea d103 m easured th e  rem anent m a g n e tis a tio n  cu rve  
fo r  a  1 m icro n  p a r tle le  o f b a riu a  fe r r ite *  Re found  th a t th e  rem anenoe 
e o e re iv ity , RHQ,  o f th is  p a r tic le  was le e e  th a n  th a t o f a  la rg e r p a r tle le , 
c o n tra ry  to  e x p e c ta tio n * A n n e a lin g  th e  p a r tle le  e ls e  reduced  RH ^* He 
te n ta tiv e ly  exp l a in e d  the se  re s u lts  b y  th e  e ffe c t o f s tra in  in  th e  
p a r tic le s  t th e  la rg e  p a r tle le  wee assumed to  be mere s tra in e d  th a n  H ie  
1 m ic ro n  one , and anneal i ng th e  p a r t i o le  reduced th e  s tra in *  X f 
depends on s tra in  fo r  b a riu a  f e r r it e ,  th is  w ould  e x p la in  h ie  re s u lts *
Re suggested th a t fu r th e r  ev idence  was re q u ire d *
The h y s te re s is  lo o p s  o f assem b lies o f la rg e  and sm a ll 
p a r tic le s  w ere tre a te d  in  th e  p re v io u s  s e o tlo n , fig s *  1*2*4 *  ( 2) and 
1* 2*4*  ( 4 ) *  The cu rves fo r  H ie  s m a lle r p a r tic le s  showed b e tte r  agrasm ent 
w ith  th e  th e o re tic a l cu rve s  fo r  co h e re n t ro ta tio n , th a n  th e  cu rves fo r
- 4 . 2 -
- 4 3 -
n
vD
F ig . 1.2.5  (4 0 (a )
E x p e r i m e n t a l  m i n o r  l o o p s  
f o r  a n i s o t r o p i c  s t r o n t i u m  
f e r r i t e .  I t  is  s e e n  t h a t  
m H c i n c r e a s e s  a s  t h e  
m a x i m u m  a p p l i e d  F i e l d  
i n c r e a s e s ,  b u t  t h e  
m a q n e t i z a t i o n  M M
r e m a i n s  a l m o s t  c o n s t a n t
R e f .  1 0 7
F ig .  1 .2 .5 . ( 4 ) ( b )
T h e  t y p e  o f  l o o p  
p o s t u l a t e d  t o  e x p l a i n  
t h e  m i n o r  l o o p s  in  ( a )  
o f  t h i s  f i g u r e  T h e  
p a r t i c l e  is  i n i t i a l l y  
m u l t i d o m a i n  a n d  h a s  
t h e  m a g n e t i z a t i o n  
c u r v e  I • W h e n  t h e  
a p p l i e d  F i e l d  e x c e e d s  
H «,,  t h e  p a r t i c l e  b e c o m e s  
s i n g l e  -  d o m a i n  a n d  
h o s  t h e  c u r v e  2 .
R e f. 1 0 7
\.
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F i g .  1.2.5 ( 5 )  Ca) M a g n e t i z a t i o n  c u r v e s  oF  <E > r 0 . 4 . 4 F e a 0 5 . l . 6 C r a 0 5
a t  d i f f e r e n t  t e m p e r a t u r e s .  F i e l d  a p p l i e d  tn  
t h e  d i r e c t i o n  o f  a x i s  c .  R e f .  1 0 9
F ig .  1 -2 .5 . ( 5 ) ( b )  H y s t e r e s i s  l o o p s  o f  S r 0 . 4 . 4 F e a 0 s . 1.6  C r ^ O ^
w i t h  t h e  f i e l d  p a r a l l e l  t o  t h e  h e x a g o n a l
a x i s ,  r e c o r d e d  o t  5 5 B . 5 ° C  R e f -  1 0  9
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th e  la rg e  p a r ti a la s  showed* A te x tu re  o f o o h sre n t ro ta tio n  and dom ain-
irv.
w a ll n o tio n  aaa p o a tu la ta d  to  w p liia  th a  o u r— a * Haa and Jesohke 
p ra p a ra d  sam ples by oheodoa l o o -p re e ip ita tio n , in  w h ich  th a  p a r tic le  
s io a  was a bo u t 1000?* Tha h y s te re s is  lo o p s  a n ! tem pe ra tu re  v a r ia tio n  
o f th o  o o o ro lv a  fo ro o  w oro in  v a ry  good a g rao n on t w ith  th e o ry , assum ing 
th a t saoh p a r tio la  hod a  d em ag n e tis in g  f is ld  o f 4*R g* « m s , in  thaoa  
v o ry  — o il p a r tio lo o , th o  o n ly  magnetisation process a e tin g  aaa o oh a ro n t 
ro ta tio n  o f th a  m agnetio  — s ta r* O ohaan fo ld  and C s p p tu llo r105 — p la tm od  
th e ir  ls v e o tig a tto a a  on a lig n e d  oam ploo o f b a riu a  fa r r lt o  b y  re fe r—  
to  th a  fa n n in g  m sohaaloa o f Jaoobe and B oon, Ig n o rin g  m agnet— fy s ta llin eM g
a n is o tro p y . H ow ever, K&ndauroYa a t a l o on s id o rad  th a  ln a lu a lo n  o f 
fa n n in g  in  th o  ro v a ro a l p roa— b o f a lig — & H n B i, and d e c id e d  th a t fa r  
h ig h  a n is o tro p y  m a te ria ls , th o  i f f  c o t was n e g lig ib le *
jfhft me—rain® — *f ed t atdbteJBd ivl d wad Aid ms A4 «■>o±nooto and, uixxor ifUUOu tno UeLmAI a?.-7Sti2tition 
cu rve s and m in o r h y s te re s is  lo o p s  o f a lig io d  o tro n tlu n  f a r r lt o  m agnate*
Tho cadstem —  o f a  p la t— a  in  th a  p o s itio n s  o f th a  t ip s  o f s s rta im  m in o r 
lo o p s , fa r  w h ich  th o  o o o ro lva  fo r —  in c re a s e s  m a rked ly w ith  In c re a se d  
— te n —  a p p lie d  f ie ld ,  w ith  v e ry  l i t t l e  i t —  in  th a  m a g n e tis a tio n , 
f ig *  1* 2*5* ( 4 ) , ms ta ken  to  be in d ic a tiv e  o f th a  p resence  o f K o e y -n *108 
ty p o  lo o p s * Tha n u o le a tl—  f ie ld  fo r  th e —  le a p s  was n e g a tiv e  t  th is  
re q u ire d  th o  p o s tu la tio n  o f a  p o s itiv e  in te ra c tio n  betw een th o  c r y s ta llite s *  
ie in e o ke105 m easured th o  d im ona io—  o f th o  c r y s ta llite s  In  s e v e ra l a lig n e d  
s tr o n ti— - fe r r it e  m agneto, and t r — to d  th a  in te ra c tio n  o f —  aoseafcly o f 
o b la te  e llip s o id s  h a v in g  th o —  d im e n s io n s , w ith  th a  easy a x is  o f mag— to -  
o ry s ta lU a e  a n is o tro p y  a lo n g  th o  p o la r a x is *  Ho fb u a ft th a t th o  in te ra c tio n  
f ie ld s  w are p o s itiv e  and In o ra a ssd  w ith  in c re a se d  w id th  to  h e ig h t r a t io  
o f th o  e llip s o id s  and in c re a s e d  a— re iv e  fa r — * U s in g  H ilo  fa c t and 
a ssu n ln g  a  n o d a l o f a  lin e a r  c h a in  o f p a r tia l— ,  w ith  a  sp read  in  a n is o tro p y  
f ie ld s ,  ho dodn — d th a t th o  do— goo t i  s i mg cu rve  sh o u ld  b e g in  to  f a l l  a t 
a  f ie ld  e q u a l to  th o  — a ll— t  a n is o tro p y  f ie ld ,  and th a t th a  s teep—  
o f th e  fa ilin g  p a r ti—  depended —  th a  r a t io  o f in te ra c tio n  f ie ld  to  
s p read in  a n is o tro p y  f ie ld ,  1— r — s in g  w ith  th is  r a t io ,  w h ich  it s e lf  
in c re a s e d  w ith  o o o ro lva  fo r — * Th—  ha  o o a fln se d  th a  e x p e rts — ta l 
re s u lt th a t th a  f a i l  in  th e  d em ag n e tis in g  o u r—  was st eep e r fo r  te a  
h ig h e r c o e rc iv e  fa r —  — te ^ la ls *
E lk in a  end K o ro le va110 fou n d  a  re g io n  o f o o n a ta n t 
m agne tl— tio n  in  tea in i t ia l  m a g n e tis a tio n  o u r— ,  and m in o r h y s te re s is  
lo o p s  s h ifte d  a lo n g  tea mag— t i — tio n  a x is . In  g ro in -o r ie n ta te d , ohrosdum - 
s u b s titu te d  s tro n tiu m  f e r r it e ,  f ig *  1* 2* 5* ( 5) *  Two e x p la n a tio n s  w ere 
co n s id e re d  t  e ith e r  a  second phase w ith  d if fe r — t  n a g n e tlo  p ro p e rtie s  
was p re s e n t, o r e l—  a  s p ira l s p in  s tru c tu re  e x is te d , w ith  th a  s p in s
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F ig .  1 .2 .5  ( 6 )  
ReF. 110
( o )  M a g n e t i z a t i o n  c u r v e s  F o r
t h e  d i r e c t i o n  0 = 0 o .
( a ) - a f t e r  d e m a g n e t i z a t i o n  b y  
a n  a l t e r n a t i n g  F ie ld  ^ a t  a  
t e m p e r a t u r e  o f  —1 9 6  C
( b ) ~  a f t e r  d e m a g n e t i z a t i o n  b y  
r e c o i l  F r o m  n e g a t i v e  
Fields
C O - a f t e r  d e m a g n e t i z a t i o n  b y  
r e c o i l  F r o m  p o s i t i v e  
F i e l d s .
P a r t i c l e  s i z e  2 5 ^ .
( b )  M a g n e t i z a t i o n  c u r v e s  o 
F o r  t h e  d i r e c t i o n  0 s O  
a f t e r  d e m a g n e t i z a t i o n  
b y  r e c o i l  f r o m  p o s i t i v e  
F i e l d s  a t  r o o m  t e m p e r a t u r e -  
P o w d e r  p a r t i c l e  s i z e s :  
1=250/*
2 s 25/*
3= 6yu
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(q )
F ig .  1.2.5  ( 7 )
( b )
F o r  p o w d e r s  oF M n B i  
s i z e  I m i c r o n  a F t e r :
M i n o r  l o o p s  
o F  p a r t i c l e
(a ) A C  d e m a g n e t i z a t i o n  a t  - I 9 6 ° G
( b )  r e c o i l  d e m a g n e t i z a t i o n  F r o m  
n e g a t i v e  F i e l d s  a t  r o o m  
t e m p e r a t u r e .
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p o in tin g  a lo n g  th o  g e n e ra to rs  o f a  oone w ith  it s  a x is  a lo n g  th s  o -a x is *
Ths f i r s t  h y p o th e s is  was ru le d  o u t b y  X -ra y  w videnoe th a t o n ly  a s in g le
phase e x is te d #  and I t  was d ec ide d  th a t fu r th e r  ev idence  was needed to
c o n firm  c r  deny th e  second h y p o th e s is *
The m a g n e tis a tio n  p rocesses in  a lig n e d  sam ples o f
MnBl have been s tu d ie d  b y  S h td 'ta  e t a l222"*12^ .  They ln v ie s tim a te d
I n i t ia l  m a g n e tis a tio n  cu rve s and m in o r h y s te re s is  lo o p s  a fte r  te rs e
m ethods e f d e e a g s e tis a tio n  « (a ) M «  d an a gn e tlaa tLo n  a t - 19d°C# w here
th e  a n is o tro p y  c o n s ta n t is  sero# aad re c o il d e m a g n e tisa tio n  fro m  (b )
n e g a tiv e  f ie ld s  and (c )  p o s itiv e  fie ld s #  w here th s  in i t ia l  m a g n e tis a tio n
cu rve s  w ore ta ken  in  p o s itiv e  f ie ld s *  The re s u lts  shewed th a t th e
in i t ia l  m a g n e tis a tio n  cu rve s w ere d iffe re n t a fte r  th e  th re e  m ethods
(a )#  (b )#  ( c )  and te a t a  p la te a u  e f c o n s ta n t m n g M tls a tta n  wss p re s e n t
in  te e  cu rve  a fte r  (e ) f ig *  1* 2*5* ( 6) *  The m in o r h y s te re s is  lo o p s
w ere s h ifte d  a lo n g  th s  m a g n e tis a tio n  a x is #  f ig *  1 . 2. 5* ( 7) .  The e x te n t
o f te e  p la te a u  aad th e  am ount o f s h iftin g #  fa r  a  g iv e n  w axixun  fie ld #
in c re a s e d  w ith  d e c re a s in g  p a r tic le  e ls e * R e s u lts  on sam ples w ith  random
o rie n ta tio n  e f te e  easy axes225 co n firm e d  te cs#  re s u lts  and in d ic a te d
th a t th e  b e h a v io u r was due to  th e  in t r in s lo  m agne tic s tru c tu re  o f th e
p a r tic le s  ra th e r th a n  tc  th e  a lig n m e n t* X t is  known th a t s n a il p a r tic le s
o f n e a r th s  s in g le —d o n a in  e ls e  e x h ib it a  tra n s itio n a l 
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s tru c tu re  .  D epending on te n  n a g n e tio  h is to ry  o f te e  sam ple , te n  
sens p a r tia l#  may e x h ib it m u lti-  o r  s in g le -d o m a in  b e h a v io u r* A fte r  ( ft)  # 
th e  p a r tic le  d l l  be m e ltld o n a la #  w ith  se re  immanence# and m a g n e tis a tio n  
ta k e s  p la o s  b y  180® — d e n a in -w a ll m o tio n . A fte r  t he a p p lic a tio n  o f 
m oderate fie ld s #  te e  p a r tic le  c o n s is ts  o f a  b a s is  dom ain m agnetised  in  
one d ire c tio n #  d th  s n a il c o n ic a l o r c y lin d r ic a l dom ains m agne tised  in  
th e  appea l te  d ire c tio n . The volum e e f th e se  re v e rs e  dom ains is  s m a ll 
and hence te e  m a g n e tis a tio n  a lm o s t e q u a ls  1^ *  A fte r  (b ) o r (o )#  te e  
volum e o f th e  o y lim d rio a l dom ains e q u a ls  th e  volum e o f th e  b e d s  dom ain# 
s ln o e  te e  m agae tlm a tlon  le  se re * X t is  th e o re tic a lly  e a s ie r fo r  te e  
volum e e f te e  s y lin d r le a l domnlws te  grow  ra th e r te e n  decrease22®# and 
hence th e  M a g n e tis a tio n  Change when an e x te rn a l f ie ld  is  a p p lie d  in  th e  
sane d ire c tio n  as th e  m a g n e tis a tio n  o f th e  c y lin d r ic a l dom ain d l l  be 
g re a te r th a n  whan th e  f ie ld  Is  a p p lie d  o p p o s ite . Thus fo r  m in o r loops#  
whom te e  m agne tisatio n  changes b y  in c re a s e  o r decrease o f th s  volum e 
o f th e  c y lin d r ic a l dom ains# as symme try  re s u lts *  I f  th e  re v e rs a l w ere 
b y  p la n e -w e ll n o tio n *  sym m etric lo o p s  w ou ld  be o b ta in e d 5* Ths in c re a s e  
o f th e  e ffe e t in  sme ll s r  p a r tic le s  is  a s c rib e d  to  th e  in c re a s e  in  
nagnc to s ta t lo  w e rg y  o f te e  w a ll w ir in g  w e ll movement m ore d if f ic u lt 55.
X t S hould  be p o in te d  c u t th a t p a r tic le s  assem b lies re v e rs in g  b y  co h e re n t 
ro ta tio n  w ou ld  have a s a y a n e trio  lo o p s  a fte r  r e c o il d e m a g n e tisa tio n  b u t
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L ( c m )
F ig .  1 .2 .6 .  ( I )  V a r i a t i o n  o f  t h e  d o m a i n
w i d t h  d  m  m a g n e t o  -  p l u m b i t e  
w i t h  s p e c i m e n  t h i c k n e s s  L .
R e f .  1 . 2 . 6 .
F ig .  1 . 2 . 6  ( 2 )  S c h e m a t i c  r e p r e s e n t a t i o n  
o f  t h e  n u c l e a t i o n .
R e f .  I 2 4 .
F i g .  1 .2 .6 .  C 3 )  D e p e n d e n c e  o f  r e l a t i v e
m a g n i t u d e  L / L 0 o f  r e l e v a n t  
h o n e y c o m b  d o m a i n s  o n  
F i e l d  H ,  a c t i n g  p a r o l l e l  t o  
c  a x i s  i n  t h e  d i r e c t i o n  o f  
m a g n e t i z a t i o n  o f  h o n e y c o m b s  (a )  
a n d  ’‘ b a s i c "  d o m a i n  ( b ) .
R e f .  116
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aaor lo o p s  n o t e n te rin g  o i l  fo u r  quandraa ts w ould pass th ro u g h  tb s  so ro  
m a g n e tis a tio n  p o in t a t so ro  f ie ld *  It  th o  re v e rs a l p re sses v e rs  a 
id x tu re  o f o ob o re n t ro ta tio n  and c y lin d r ic a l dom ain g row th  o r re d u c tio n #  
~ ih o r lo o p s  m l# t be s h ifte d  a long th o  m e g a e tla a tio a  a x is *
1* 2#6 * Jt M if t i t  J -tru Q tu ro  o f u n ia x ia l hexagona l fe r r ite s  and 
a te i-  Tho d on a ln  s tru c tu re  o f u n ia x ia l fe r r ite s  and o f fM B i, fo r  w h ite . 
104,2 » 1 ,  a re  s im ila r  to  s a te  o th e r4*2* They have th e  fe a tu re  th a t 
c lo s u re  dom ains e l th  m a g n e tis a tio n  p e rp e n d ic u la r to  th o  easy a d o  a re  
n o t fo u n d * Xn s n a il c ry s ta ls #  lo o s  th a n  a b o u t to n  d c ro n s  th ic k #  v e ry  
s im p le  dowel ■ s tru o tu re s  a re  fo u n d ,52 ’ 113 ,H 7»12b * x i th o  w a lls  b e in g  
180°  and p a r a lle l to  th e  easy a d s *  Tho w a ll sp aa in g * d# depends on 
th e  ip t d n s  th ickn e ss#  D# as in  f ig *  1* 2* 6*  ( 1 ) *  As th #  th ic k n e s s  8 
in c re a se s#  th e  w a lls  b e g in  to  u n d u la te  n e a r th o  s u rfa c e  to  reduce  te e  
n & g u e to o ta tie  e n e rg y, when D lo  a bo u t 100 a i crons# Is o la te d  s ta r  d o n s ln s  
appear# end te e  pa t t e rn  becomes co m p lica te d #  w ith  sp ile s  d o n sln s o f 
re v e rs e  m a g n e tis a tio n 113" 120* Tho ln te rs e o tio n  o f th o  dom ain s tru c tu re  
w ith  te e  p ris m  p la n e s  shows a n  s rva m g tn sn t o f s tra ig h t lin e s  w here th e  
m ein dom ain b o u n d a rie s  o u t th e  su rfa ce #  and wedge shaped s p ik e  dom ains, 
whore th e  u s l l  dom ains, so rvo  as c lo s u re  dom ains, re d u c in g  th e
n a g n s to s t& tle  e n e rg y , o u t te e  s u rfa c e 113* From  f ig *  1* 2* 6* ( 1 )#  a 
p a r tic le  o f abo u t one d o ro m  e x te n t in  a l l  d ire c tio n s  sh o u ld  have a  dom ain 
sp a c in g  e q u a l to  te e  p a r tic le  e ls e , and banco S hou ld  perhaps bo s in g le  
dom ain* T h is  lo  th e  b a d e  id e a  in  b a rium  fe r r it e  f in s - p a r tic le  m agnets* 
C ra lk  and T ebb le123 m easured th o  d lm enetone o f te e  c r y s ta llite s  la  g ra in *  
o rie n ta te d  b a riu m  f e r r it e ,  aad coun ted  th e  num ber o f dom ains in  each 
g ra in *  They fo u n d  th a t g ra in s  o f a b o u t one d o ro n  in  s is e  d id  n o t c o n ta in  
any dom ains* Tho o b s e rv a tio n  o f dom ains in  s m a ll Is o la te d  p a r tic le s  o f 
b a riu m  fe r r it e  m oor te e  s in g le 'd o m a in  s is o  Is  d if f ic u lt *  C ry s ta ls  o f 
s te s titu te d  b a riu m  fe r r it e 121,  o r o f K nB l* fo r  w h ich  th o  s in g le  dom ain 
a ls o  Is  la rg e  em eu# to  bo c o n v e n ie n t, a re  used*
S ta rtin g  fro m  th e  s a tu ra te d  s ta te , te e  p rocess o f 
m a g n e tis a tio n  as tb s  f ie ld  le  reduced depends on th o  c ry s ta l e ls e * F o r 
la rg o  c ry s ta ls 12^# la rg o  round  m o b ile  s p o ts  appear in  c e rta in  p a rts  o f 
th o  c ry s ta l and novo to  co v e r te e  w ho le  s u rfa c e * Those s p o ts  besoms 
■ m a ile r and le s s  m o b ile , u n t il e v e n tu a lly *  sp ike  dom ains o f re v e rs e  
m a g n e tis a tio n  a re  form ed* These sp ik e s  g rown  sad in tra n e t to  fo rm  
u n d u la tin g  d o n s ln s  a t te e  romsasnoo p o in t#  w hore th o  m a g n e tis a tio n  Is  
■ ore* In  a re v e rs e  f ie ld #  th o  p ro ce ss is  e n tir e ly  re v e rs ib le #  exoep t 
th a t te e  f ie ld  a t w h ite  th e  s p o ts  d isa p p e a r Is  h ig h e r th a n  te a t a t 
w h ite  th e y  f i r s t  appeared* Tho la s t  sp o ts  to  d is a ppe a r asm in  th e  p a r t 
o f th o  o s y s ta l w here th e y  f i r s t  appeared* Tho p ro ce ss o f n u c le a tio n
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and th o  m a g n e tis a tio n  in  th o  c y lin d r ic a l dom ains, f ig *  1* 2, 6 .  ( 5) ,  I f  
f lo ld  and m a g n e tis a tio n  w ere in  th o  sa w  d iro o tio n , th o  dom ains grew 
a fte r  th o  f lo ld  exceeded a  c e rta in  m in im a l v a lu e * I t  f ie ld  and 
m a g n e tis a tio n  w ore opposed , th e  m in t—  fls ld -s tre n g th  re q u ire d  to  reduce 
th e  a ls o  o f th e  flo n s ln s  was h ig h e r, th e  s tru c tu re  ro a a in ln g
o o n s ta n t up to  euoh h ig h e r f ie ld s  th a n  in  th o  p re v io u s  case* Thus i t  
was fou n d  to  he e a s ie r fo r  th o  c y lin d r ic a l dom ains to  grow  ra th e r th a n  
to  s h rin k , in  agreem ent w ith  th e o ry * T h is  a s ^ y n e trlo a l m a g n e tis a tio n  
p rocess has keen  used to  e x p la in  a ssym ra e trio e l m in o r lo o p s  fo u n d  in  
2n B i, K o jin a  and G oto fo u n d  th a t th e  c o n d itio n s  neoessary fo r  th e  
p ro d u c t!o n  o f honsyoodb dom ains w ere s n a il dem ag n e tis in g  f ie ld s  and 
absence o f o iy s ta l d e fe c ts *
The dom ain s tru c tu re  o f A l-e u fe s tltu ts d  s tro n tiu m  fe r r it e  
and i t s  b e h a v io u r in  a  m agne tic f ie ld  was found  to  b e  e ia ila r  to  th a t 
o f th in  o z y s ta le  o f H ie  u n s tib s tltu te d  m a te ria l,e v e n  when la rg e  c ry s ta ls  
o f th e  s u b s titu te d  m a te ria l w ere  used115* T h is  ie  as expected  fro m  
th e  h ig h e r a n is o tro p y  f ls ld  sad la rg e r  s in g le -d o m a in  e ls e  o f th e  
e te s tltu tc d  m a te ria l*  Soma c ry s ta ls  co n ta in e d  o n ly  a  few  dom ains and 
had n o n -se re  rsm anenos* I t  was fo u n d  p o s s ib le  to  O b ta in  a  s in g le -d o m a in
rem anent s ta te  in  s m a ll p ie c e s  b ro ke n  o f f  a  la rg e r o x y s ta l*  One o f th e
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e ry s ta ls  w ith  o n ly  a few  dom ains was ussd to  s tu d y  th e  h y s te re s is  lo o p s  
( r e f*  s e c tio n  1* 2*5) • The m a g n e tis a tio n  p rocess o f th e se  n e e riy -e in g le - 
dom nln p a r tic le s  showed s  dependence on th e  m agnetio  h is to ry  o f th e  
sam ple* Below  s  c e rta in  o r it io a l f ie ld ,  re v e rs a l o c c u rre d  b y  dom sin - 
w a ll n u o le a tl on sad aoveoea t* Above th is  f ie ld ,  th e  lo o p  was re c ta n g u la r, 
and re v e rs a l was a b ru p t* la  M nB i, w h ite  has a  la rg e  s in g le -d o m a in  s is * ,  
abou t 30 m le ro a s , th is  depeadenoe o f re v e rs a l p rocess on th e  maximum 
a p p lie d  f ie ld  was found12" * 125,  and was a ttr ib u te d  to  a  tra n s itio n a l 
dom ain s tru c tu re , s im ila r  to  th e  honeyoote  dom ain s tru c tu re *  The 
b e h a v io u r o f H ie  sam ple a fte r  s a tu ra tio n  in  v e ry  la rg e  f ie ld s  is  due 
to  th e  d e s tru c tio n  o f e l l  n u c le i o f re v e rie  m a g n e tis a tio n , so th a t th e  
p a r tic le  behaves as a  s in g le -d o m a in * R e ve rsa l is  presum ed to  be b y  
ir r e v e rs ib le  r o ta tio n , b u t may be b y  a  d e m a in -n u o le a tio n  and g row th  
pro ces s , te e  fa s t to  be d e te c te d  e x p e rim e n ta lly *
i . 2. 7 .  b « m  m l a t B u m o P t  t o  a
w h ite  a re  o te o d lc d  in  th is  th e s is . The th e o re tic a l perm anent ■m agnetio
p rope rt i es o f b a riu m  fe r r it e  m sgsets a re  n o t a ch ieve d  in  p ra e tio e 8*
The d iso re p a n o ie e  a re  presum ed due to  th e  presence o f d o m a in e ^9^ 5 ,
in c o h e re n t m a g n e tis a tio n  p rocesses105,  in te ra c tio n  f ie ld s 1079108,  s u p e r- 
90 91
param agnotisn r 9 ,  o r a seoond m agnetio  phase w ith  in fe r io r  m agnetio
82 83
p ro p e rtie s  9 • T h is  seoond e a g n e tio  phase may be a  d e fe e t c ry s ta l 
s tru c tu re  in tro d u c e d  b y  d is lo c a tio n s 85,  a  d is tu rb e d  s u rfa c e  la y e r87,
o r i t  w y  be in tro d u c e d  b y  n illia g  * ♦ D is lo c a tio n s  s e t ss  dom ain-
w a ll n u c le a tio n  o c n tm » ^ ,^ 5#85 a r e ls e  decrease te e  c r it ic a l s in g le -  
dom ain s is c  b y  re d u c in g  th s  a n is o tro p y 51.  The s a tu ra tio n  m a g n e tis a tio n  
is  e ls e  reduced b y  th e  p resence  e f a  d e fe c t s tru c tu re 02*®5 *87*05.  In  
c o n s id e rin g  in te ra c tio n  f ie ld s ,  H e inecke fo u n d  th a t th e  e ffe c t depended 
on th e  spread  in  th e  va lu e s  e f a n is o tro p y  f ie ld s  p re e o sd r^v * F la n d e rs  
and S h trikm a n127 fou n d  th a t th e re  vac a  sp read  in  a n is o tro p y  f ie ld  va lues#  
c e n tre d  cn  12 k o c . # s ite  a  h a lf-w id th  a t h a lf-v a lu e  e f 3 ko e . If  * ae 
va c u s u a lly  assum ed, a l l  p a r tic le s  had a  d am ng n stts in g  f ie ld  e f 
lip  9  one w ou ld  e xpe o t th e  e ffs e tlv e  a n is o tro p y  f ie ld  te
be H^ 1 «  Ha -  hd « 12 ko e . a p p ro x im a te ly#  b u t any d e v ia tio n s  fro m  th is  
w ou ld  be tow a rds h ig h e r H^1 # s in e s  Up «  *4* %  is  th s  maximum d e m ag n e tis in g  
f ie ld  p o s s ib le . Thus th e  sp read  in  a n is o tro p y  f ie ld s  is  perhaps 
in d ic a tiv e  o f a  sp read  in  v a lu s s  e f X * th e  a n is o tro p y  c o n s ta n t. H ow ever* 
th e  a n is o tro p y  d is tr ib u tio n  was fo u n d  to  be ind ep e nd e n t o f coer c iv e  
fo rc e 127# w h ich  is  s u rp ris in g *  i f  th e  v a lu e  e f te e  c o e rc iv e  fe ro o  le  f t  
in flu e n c e d  b y  th e  sp read  in  a n is o tro p y  f ie ld s .
TO in v e s tig a te  th e  ln flu e n o e  e f a n is o tro p y  d is tr ib u tio n s  
on th s  v a lu e  o f te c  o o e re iv s  fo rc e *  I t  was th u s  d e c id e d  to  m easure th e  * 
a n is o tro p y  d is tr ib u tio n s  fo r  tu p le s *  th e  o e e ro ive  fo ro e s  e f w h ich  w ere 
a lte re d  n lllla g  ^  trs s tn w its . T h is  w ou ld  a ls o  to s t w he the r
te e  a n is o tro p y  c o n s ta n t changed w ith  th e se  tre a tm e n ts . Tho m ethod used 
a ls o  a llo w e d  one to  c a lc u la te  th e  a b s o lu te  volum e o f m a te ria l re v e rs in g  
by co h e re n t ro ta tio n . U nder th e  e x p e rim e n ta l c o n d itio n s , th is  tn ^ b T tfl 
one to  e s tim a te  te e  am ount o f m a te ria l re v e rs in g  b y  d s n o ln -w a ll m o tio n .
From  th s  re s u lts  e f n ea su rsn en ts o f m in o r h y s te re s is
lo o p s  o f MaBl es1^8 * ^ |  th e  presenoa e f a s s y m n e trie a l m a g n e t!a c tio n
p ro ce sse s , due te  o y lia d r io a l dom ains115* was deduood. The p a r tic le s
w ere p resunsd  to  be o f s in g le  dom ain e ls e * o r n e a rly  so . From  th e
s im ila r ity  in  th s  d o a n in -e tru e tu re s  o f B a ftl sad b a v in s  fe r r ite * * 2 # th e
p o s s ib ility  a ro se  th a t p a r t i d o c  o f b a riu m  fe r r it e  J u s t shove th e  s in g le -
dom ain d e e *  n ig h t have d o a a ln -s tru o tu re s  s im ila r  te  te e  tra n s itio n a l
11L
dom ain s tru c tu re s  o f MhBi # w h ich  w ere p resunsd  to  g iv e  a s a y m tr io s l *•: 
s h ifte d  b y e te re s is  lo o p s . I t  wns d e c id e d  te  s tu d y  m in o r hyste re s is 
lo o p s  e f : th e  b a riu m  fe r r it e  sam ples te  see i f  S h ifte d  h y s te re s is  lo o p s  : 
w ere p re s e n t. The a n is o tro p y  d is tr ib u tio n s  a lre a d y  fo u n d  c o u ld  be used 
te  p re d ic t e .g . ranansnee cu rve s  o f te e  b a riu m  fe r r it e  sam ples# on th e  
o o h e re n t-ro ta t 1 on th e o ry . Any d is c re p a n c ie s  w ou ld  have to  be  accounted  
fo r  b y  d o ta a l»« w a ll m o tio n * o r in cohere n t ro ta tio n #
A q u a n tity  in d e p e n d e n t o f th e  a n is o tro p y  d is tr ib u tio n  
is  th e  ro ta tio n a l h y s te re s is  in te g ra l8 *25# The neosureocm t o f th is  f t  
q u a n tity  was u n d e rta ke n  to  g iv e  an in d ic a tio n  o f te e  re v e rs a l p rocesses •
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o o o u n rin g * The shape o f th o  ro ta tio n a l h y s te re s is  ve rsu s  f ie ld  cu rves 
is  dependent on th e  a n is o tro p y  d is tr ib u tio n #  and hsnoe th o  cu rve s  fo r  
o o h e re n t ro ta tio n  o o u ld  ho p re d ic te d  fro m  th o  d is tr ib u tio n s  p re v io u s ly  
fo u n d * th o  d le e rs p a a e ie s  w o u ld  aga in#  have to  be e x p lain ed b y  domai n - 
w a ll n o tio n  o r in o o h e rw a t ro ta tio n *
; Thus th o  o b je c tiv e s  o f th o  p re s e n t re se a rch  a re  s e v e ra l i
a ) to  d o to n d n o  i f  te e  a n is o tro p y  d is tr ib u tio n 127 depends on th o  o s e re iv o  
fo ro e  and to  s tu d y  th e  o ffs e t o f w illin g  and a n n e a lin g  tre a tm e n ts  on 
th o  d ls tr ib u t lo n i
b ) to  d o to n d n o  w hat fr a c tio n  o f th e  volum e o f th o  sam ples re v e rs e s  b y  
o o h e re n t ro ta tio n 127!
o ) to  s tu d y  m in o r h y s te re s is  lo o p s  to  see i f  s h ifte d  lo o p s#  as fo u n d  In
to ^ llO -113 « a i s u b s titu te d  b a riu m  f s r r it s 1*0 # a re  p re s e n t;
d ) to  m easure th e  am ount o f m a te ria l w h ioh  re v e rs e s  b y  n on *o oh o ro n t
- p rocesses# g iv in g  r is o  to  Is rg o  ro ta tio n a l h y s te re s is ! )
o ) to  s tu d y  th e  th e o re tic a lly  p o s s ib le  d is lo c a tio n s  in  b a riu m  fe r r ite #
w h ioh  may reduce  th e  a n i so t ro ops  and s a tu ra tio n  m a g n e tis a tio n  5 f* * #" V . . Tin
and may g iv e  r is e  to  h e lic a l s p in -s tru o tu re a  # w h ioh  oaa g iv e
s h ifte d  h y s te re s is  lo o p s *
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Tho te c h n iq u e * o f □ a g n o tio  a n a ly s is #  review ed  b y  H o s e lits 1 # 
and o h lfa r th 2 # have boon a p p lie d  to  many m agne tic system s* The 
re s u lts  o b ta in e d  ia  such system s aa fe rro m a g n e tic  p re c ip ita te s  ia  a 
n an -m agnetic m a trix  (B e rk c w its  and F la n d e rs5 # K n o lle r and to 2f * ^ ) #  
fe rro m a g n e tic  th in  film s  (D o y le 5 # D oyle  o t a l* 3 # C u n d a ll7 # R obinaon8 )#  
fe rra a a g m e tio  pow ders used fo r  c o a tin g s  o f m agne tic  re c o rd in g  tapes 
(Johnson and Brown9 # F la n d e rs  fin d  O h trika a n 10)#  pow ders used fo r  
v e v m m n t m g * *  ( s h t r ita u  a M  T r * ™ 11, JM yu g la  a M  S aeal12) .  
and p o ly e ry s ta llin e  perm anent m agnet m a te ria l (F la n d e rs  aad S h trik o s n  # 
R h trik o a n  and T reves11# )# illu s tra te  th o  scope o f th o se  te c h n iq u e s .
Tho th ro e  m ost im p o rta n t m easurem ent*# t t m  th o  p o in t o f v ie w  
o f th is  p re s e n t w ork# werw o f ronanenoo curves# ro ta tio n a l h y s te re s is  
and rem anent to rq u e  cu rve s* From th e  th e o re tic a l dependence o f 
romanonoe on th e  a p p lie d  m agne tic  f ie ld  ( o h l f a r t e ^ #  S h trita so n  and 
"o h lfh r te 15)  and u s in g  v a rio u s  {re la tio n s h ip s  betw een roaaaenoeo 
a o q u lro d  in  d iffe re n t ways ( /o h lfa r th 13» S h trikm an  and T reves11) i t  
is  p o s s ib le  to  d e riv e  a  d is tr ib u tio n  c f a n is o tro p y  f ie ld s *  hen th e  
a a & re tle  a n is o tro p y  is  duo to  shape a n is o tro p y #  i t  is  p o s s ib le  to  
c o n v e rt te e  a n is o tro p y  f ie ld  d is tr ib u tio n  to  a  shape d is tr ib u tio n /
I f  th o  m agnstio  a n is o tro p y  is  m a in ly  o f m g n e to o ry s ta llln e  o rig in #  
i t  nay n o t be p o s s ib le  to  se p a ra te  o u t any c o n tr ib u tio n  due to  shape 
a n is o tro p y * T h is  is  th e  cos© in  pow ders o f ba rium  fe r r ite *
S im ila rly #  th e  th e o re tic a l f ie ld  dependence o f ro ta tio n a l
17 l f i
h y s te re s is  (Jacobs and L u b o rsky  # S h trik a a n  and T reves » D oyle  o t
a l* 3 # S ch o la r19) **** rem anent to rq u e  cu rves (F la n d e rs  and S h tr ib 8an1 0 ,1 5 l
Bo rk cwi ts  and F la n d e rs5 # R ob ins c n #  D oyle5 ) nay bo used to  d e riv e  an
a n is o tro p y  d is tr ib u tio n *  Tho a n is o tro p y  d is tr ib u tio n  d e riv e d  b y  one
te ch n iq u e  may bo used to  p re d ic t th e  re s u lts  o f a n o th e r te ch n iq u e
(D e ryu g in  and S ega l12*20* fto h lfa r te ^ * 21* Osmond22) as in  th e  p re se n t
w ork# o r may bo com pared w ith  th e  d is tr ib u tio n  d e riv e d  by a n o th e r
te ch n iq u e  (Johnson and Drown9 ) *  Tho agreem ent o r o th e rw is e  betw een
th e  p re d ic te d  and e x p e rim e n ta l re s u lts #  o r betw een  th e  d is tr ib u tio n s
o f d iffe re n t o rig in #  th e n  shows te e  v a lid ity  c f th e  assum ptions made
about th e  m a g n e tis a tio n  p rocesses o c c u rrin g  o r  a sy  in d ic a te  th e  presence
o f m a g n e tis a tio n  processes n o t in c lu d e d  in  th®  th e o re tic a l a n a ly s is .
Fig* 2 . 1 - 2 ( 0  R e m o n e n c e  a f t e r
t h e rm a l  d e m a g n e t  i z a t i o n
Fig. 2 1 2  (5 )  R o t a t io n  o f  s a m p le  
th rou gh  a n  a n g te  0 m
Fig-2 .1 .2 -(5 ) S i t u a t i o n  For r e m a n e n t  
t o r g u e  c u r v e s
F ig -2.1-2 (2) R e m o n e n c e  a f t e r  
s a t u r a t i o n
Fig- 2 , 2  (4 ) Part a t  s a m p l e
contributing to torgue 
'e shaded portion of
Fig. 2.1. 2 . ( 6 )  R e m a n e n t  t o r g u e  c u r v e  
For uniaxial s i n g l e - d o m a i n  
p a r t ic le  w i t h  t h e  a p p l ie d  
h e l d  a t  JJ. t o  t h e  e a s y  
a x is
F ig .2.1 2  (7 )  R e m a n e n c e  a f t e r  H app in 
Fig 2.1 2 . ( 4 )  h a s  e x c e e d e d  
th e  a n i s o t r o p y  F ie ld  H A
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Zn th e  p re s e n t work# a n is o tro p y  f lo ld  d is tr ib u tio n  d e riv e d  
ly  th o  m ethod o f s ta tic #  i. e .  rem anent# to rq u e  cu rve s w ore need to  
p re d ic t H ie  re s u lts  o f oeasurem ents o f — nee curves# s ta t ic  
h y s te re s is  lo o ps#  b o th  rm jo r and m inor# and ro ta tio n a l h y s te re s is #  
in c lu d in g  th e  v a lu e  o f th e  ro ta tio n a l h y s te re s is  Is t t& e T ^ * 17*^ 5 *
2 . 1 .1 *  She m ethod used is  th a t o f F la n d e rs  and  S b trita a n ^0**5 
in  w h ite  th a  specim en; in  th e  t o m  e f a  d is c  w ith  m A om  o r ie n ta tio n  o f 
th e  easy axes o f th e  p a rtlo le e #  is  suspended fro m  an a u to m a tic  to rq u s  
rmgno tam o te r#  betw een th e  p o la s  o f an e le o tro o a g n s t* te e  f ie ld  B o f 
th e  e le c tro m a g n e t is  in  th e  p la n e  o f H ie  d is c *  A f ie ld  H g ^ s u ff lo ie n tly  
la rg e  to  s a tu ra te  th e  sam ple# is  a p p lie d #  th e n  reduced  to  s e re . The 
sam ple # (o r#  e q u iv a le n tly #  th e  m aggot# as in  th e  p re s e n t ca se ) is  
ro ta te d  th ro u g h  a  s m a ll a n g le  ©• it h  © co n s ta n t#  th e  to rq u e  as a 
fu n c tio n  o f a p p lie d  f ie ld  h  m easured in  f ie ld s  up to  ^  where th©  
f ie ld  Is  c y c le d  o -  -  o . ia  in o re a se d  in  s te p s  o f 1  hoe up to
L r  « ■  fra c tio n #  J ^ ; o f  p a r tic le s  w ith  a n is o tro p y  f ie ld s  in  tb s  
range ll± to  H.+1 is  d e riv e d  fro m  th e  a re a  betw een th e  to rq u e  cu rves 
o -  Ht  and o -  ?fc* a n is o tro p y  f ie ld  d is tr ib u tio n  is  g iv e n  b y
a  g raph  o f *S l ve rsu s  **  a o cu m u la tivs  fre q u e n cy
d is tr ib u tio n  m y  be p lo tte d  as th e  fr a c tio n  o f p s r tio ie s  %  w h ite  
have a n is o tro p y  f ie ld s  la s s  th a n  H ^ #  fo r  v a lu e s  o f up to  
The d iffe re n c e  betw een tw o  su cce ss ive  to rq u e  cu rve s is  known as th e  
in e re o s n ta l to rq u e  cu rve *
2 . 1 . 2 .  C o n s id e r a  sam ple w ith  random o rie n ta tio n  o f th e  
p a r tic le  easy axes* In  th e  th e rm a lly  dem agnetised s ta te #  th e  renm nenoos 
a re  d is tr ib u te d  as in  f ig .  2 *1 .2 .  ( 1)  where th e  c ir c le  is  a  s e c tio n  in  
th a  p la n e  o f th e  d is o *  A f t e r  a p p lic a tio n  and rem ova l o f th e  a p p lie d  
f ie ld  H ^ #  th e  xwmanenoes a re  as in  f ig *  2.1 .2 . (2)* I f  a  f ie ld  Ii is  
a p p lie d  a lo n g  th s  o r ig in a l d ire c tio n  o f H ^ #  th e  to rq u e  on th e  sam ple 
Is  se ro ^s ia o e  th e re  a re  as many p a r tic le s  w ith  th e ir  m a g n e tis a tio n s  a t 
rssm nence ia  th e  easy d ire c tio n s  betw een © » 0  and © «  vf as th e re  a re  
w ith  th e ir  s m g n e tis a tio n s  a t reaanenoe in  th e  easy d ire c tio n s  betw een 
© •  0 and 0  •  -  I *  Thus a l l  th©  to rq u e s  ca n ce l* I f ,  however# a fte r  th©  
a p p lic a tio n  sad  rem ova l o f K ^ #  th e  sam ple i©  ro ta te d  th ro u g h  a  s m a ll 
a n g le  & f # th s  reoonence d ire c tio n s  a re  d is tr ib u te d  as in  f ig .  2 . 1 . 2 *  ( 3 ) *  
I f  now a  f ie ld  B is  a p p lie d  a lo n g  th e  o r ig in a l d ire c tio n  o f H ^ #  th e  
to rq u e  due to  th©  p a rtio la ©  in  th e  rang© 0  »  0 to  £  m  cancel©  
th e  to rq u e  due to  th o  p a r tic le s  in  th e  range 0  *  0  to  •  v j ♦  £>,# s in c e  
th e  to rq u e s  in  th e se  tw o  rengse ar©  o f o p p o s ite  s ig n *  B u t th e  to rq u e  
due to  th e  p a rtlo le e  in  th s  range 6 a 4  -  to  ^  - f ie *  2*1*2. (4 )#
- 5 8 -
1s not balanced# since there are no particle* with their rsseaenose 
in the ranc© 6 n - ♦ Cy to - ^  - a ,  ^ Vhae there ie a nett torque
on tho saag&o.
The torque an a uniaxial single-doaain particle ef 
vota» V# saturation oagnctisation »4 and anisotropy field JIA# whan 
tho applied field H ie perpendicular to the easy axis# ae la fig# 
2.1.2. (5) U  Glwn J#5*8*
f M a
a' 2/
Oqn. 2.1.2.(1/
The dependence of t  on H ie ahoen la fig. 2*1.2. (6)# This la known
M “- a MosQent tense curve. for amsll &.« ths taroue curve will be 
almost the some as eqn. 2*1.2. (1). The torque oureee for a series 
of angles have hees calculated by Cund&ll'* Deryugin and Segal*2 
hove considered the effect on the anisotrorv diotrlb; t.-ono of H not 
being perpendicular to all tee easy anas and have shown that for fixed 
€^» tbs anisotropy dfotribut cns arc shifted to lower fields by a
nflEHIifuBB ftfStiLHYiB*
Consider two particles with equal anisotropy fields
one with its seosneae* at an angle |f • 0^ to ths applied field#
feud the other with its renaaence at an angle ♦ CL to the field*^  2 + 1  ^
where % < % * * *  shown is fig* 2*1*2* (4)* teen tee applied field 8 
Is increased front aero# the tortj&es on the two particles are of the 
seas sign# end add* tees tee field 8 exceeds tee anisotropy field 8A»
A't&Bft -^~- ~- — .^’t -a». ■* a  ggk^ ft jLjk — a . .**.y »-. M«e *1 .^hmI gi iViiii d gkth e  p a r tic le  w h ich  nod it s  rsoanenes a t i t  ♦  w ill s w itc h  it s
a a g n e tia a tic n  so th a t th e  n e a re s t easy d ire c tio n  la  •  ^  ♦  e^» 
f ig *  2*1*2* ( ? ) *  Ths to rq u e  duo to  te le  p a r tic le  w il l sew be e q u a l 
and o p p o s ite  to  te a t o f te e  p a rfc le le  fo r  w h ich  th e  n e a re s t easy d ire c tio n  
48 f  *  % • te o  to rq u e s  ca n ce l and the se  p e r tie lc s  have a e ro
re s u lta n t to rq u e * Thus te e  f ie ld  H shove w hieh te e  to rq u e  becomes 
aero  Is  te e  a n is o tro p y  f ie ld  HA* One a sy  a p p ly  th is  p rocedu re  to  
p a r tic le s  haw ing a  ta n g s  o f a n is o tro p y  f ie ld s  and o rie n ta tio n s  is  
te e  re g ie s  §  *  ^  te  *§ ♦ eu and# t * m  te e  v a r ie tie s  o f to rq u e  
w ith  a p p lie d  f ie ld #  c y c le d  ae d iscu sse d  in  s e c tio n  2*1.1.# tea 
a n is o tro p y  f ie ld  d is tr ib u tio n  any be fo u n d .
For an assembly of psrtioles which have the ease 
and for white tee easy assa are readonly distributed In space# the 
area under the torque curve ie
^  ‘ X *  ^  =  • w W . V H #A  = \ J J , J #-----^ ^  «<rn. £.1^.(2;
0
59-
Fig 2 .1 3 -  I b c h e m a f r i c  d i a g r a m  ofr t h e  a u t o m a t i c
t*or<gue m a g n e f r o m e t e . r
— 60 —
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?  is  th e  volum e o f th e  p a r tic le s  w ith  a n is o tro p y  f ie ld  HA *
P is  th e  in  p o la r 00*  or din a te s  .
The v a lu e * V is  g iv e n  fcy
ft
v  .  , . . . — -  «<pu 2 . 1 .2 .  ( j )
hen  th e re  ie  e  sp re ad  in  a n is o tro p y  fie ld s #  th s  volum e o f p a r tic le s  
w ith  a n is o tro p y  f ie ld s  in  th e  range u± to  is  g iv e n  by
^ ^ _  e q n . 2 *1 .2 *  (4 )
« v w
w here an  average ! /  « J  is  used*
A1 is  H ie  a re a  b e t—  th e  to rq u e  cu rves fa r  th e  c y c le s  6 to  n± and 
e t o x ^ .
The a b s o lu te  volum e V? o f p a rtlo le e  c o n trib u tin g  to  th e  to rq u e  ie  
o b ta in e d  fro m  an a b s o lu te  m easure o f th e  a re a  u nd e r curves#  in  u n its  
of dyn e -cer  o e rste d s#  u s in g  th s  re la tio n s h ip
1»0
I*
■i t , . — er pu 2 *1 . 2* ( 3 )
* <** ♦ » w
n  is  th e  to ta l num ber o f f ie ld  c y c le s *
2*1 *3 * The in s tru m e n t used ie  an  a u to m a tic  to rq u e  m agnetom eter# 
as d e s c rib e d  b y  Pearson2^  end shown s c h e m a tic a lly  in  f ig *  2 *1 . 3*  ( 1) *
Ths e le c tro m a g n e t#  a  B u lla rd  M  1000; gave a  w o r tM  f ie ld  o f 27*7 has 
in  a  1  in *  gap* T h is  mss m ors th a n  s u ff ic ie n t to  s w itc h  a l l  th e  
p a rtlo le e  and to  s a tu ra te  th e  specim en* ***»* to rq u e  1* wee m eaeursd b y  
th s  cu rr ent  neosssaxy to  th e  to rq u e  in  a  f ie ld  H# and B was
m easured b y a  Bbwsoh ro ta tin g  co ll  fln m a e te r* te e  cu rve s w ere re co rd e d  
on an X -T  re c o rd e r, te e  d lse -e h a p o d  cnw p lfle  used w ere pow ders p re ssed  
a t a  p re ssu re  o f 313 be/on? and co a te d  w ith  D u rc fix  to  p ro v id e  ease o f
iSukK. n g ^,T> .V* ir. Jt A  t> 1 *|A*y|k x  jQ *** Jtm *■ Ifrf J9 ft &  MM*m im in g . m w »l oano 1000 o r to ©  rappsos ware j#*o nm usnew ver ana v#p w  
in  h > l# t |  g iv in g  a  volum e o f 5.7 n  10*2  cm? end a  d e n s ity  o f a p p ro x .
3.8 gr& ^iA /cd5* te a  D agnetm aoter o o u ld  do to o t and to rq u e s  in
th s  range 1- 10^ dyne-cm # w h ich  m eant th a t#  w ith  th e  sam pled used# 
a , *  2°  gave a  re a son a b le  to rq u e  c u rve * te e  a reas u n d e r th o  to rq u e  
cu rve s were m easured b y  b o th  a  p la n im e te r ^  S lopson*s ru le *
S anaples o f H ie  to rq u e  cu rve s a re  g ive n  in  f ig *  2 . 1 . 3 .  ( 2) *
The d iffe re n c e s  betw een th e  c o n se cu tive  f ie ld  c y c le s  a re  shoun in  
f ig .  2 .1 .3 .  ( 3 )  w h ich  shows th a t th o se  in c re m e n ta l to rq u e  curves have
- 0 3 -
Sample
I & I
Spljsf?
Holi prob«±
r
t t
E l e c t r o  -  m a g n e t
(q)
Y j  o t  X - V  re c o rd e r
Cb)
F ig  2.21 0 ) S c h e m a t i c  r e p r e s e n t a t i o n
ot H a l l - e f f e c t  m a g n e t o m e t e r .
3 k 3
I k
H a l l  p r o b e  
1 0 0 - 4 0 0  **
O C  141
- 1 2  V o lts
T "T
! ! Hall p robe  
B
< ii i» i
J
H all ^probe
Fig 2 . 2 1  (3 )  A r r a n g e m e n t  
o t  H all p r o b e s  
in  p e r s p e x  
b lo c k  .
F ig  2 2 1  ( 2 )  C u r r e n t  supply  c i r c u i t .
F ig  2 2.1 (4) C l o v e r  l e a f  a n d  
c r u c i f o r m  s h a p e d  
H a ll  p r o b e s .
-64-
f^ iS a  fttbtto
2 *2 *1* The m ethod used is  an  a d a p ta tio n  o f one used b y  
A ha ron !25* Two t e l l  p robes a re  p la ce d  p a r a lle l to  oaoh o th e r in  th e  
f ie ld  o f o n  e le o trn ra flH o t#  f ig *  2 *2 , 1 * ( 1 ) .  Tho p rte e  o u rrs a ts  i g  
or®  p ro v id e d  fro m  tra n s la to r  c irc u its #  on® fo r  oaoh probe# w h ioh  
p ro v id e  c o n s ta n t c u rre n t#  f ig *  2 *2 *1 * ( 2 ) *  The to o  s u p p lie s  a re  th u s  
Independen t o f c a te  o th e r#  and a re  r e la t iv e ly  n o ls o -tfre o  s in c e  th e y  a re  
b a tte r y  d riv e n * A re a is ta n o e  A in  e o rie e  w ith  each p robe  ensures th a t 
changes in  th e  p robe  re a is ta n o e  due to  s a & i& to -re s is ta iio e  a re  o n ly  a  
s n a il fra c tio n  o f th o  to ta l re s is ta n c e  in  tb s  c ir c u it*  T h is#  conb inod  
w ith  th e  o on e ta n t c u rre n t s u p p lie s #  ensured th a t th e  o u tp u t was lin e a r  
in  th e  f ie ld s  used i*o »  10 hoe*
The H a ll p robes wore mads o f e p ita x ia l n ty p e  g a llit aa 
a rs e n id e  la y e rs  cn  a e n i- ln s u l& tin g  s u b s tra te s * F o r h i# r * f io ld  lin e a r ity #  
a  h i#  le v e l o f d o p in g  wee re q u ire d * ty p ic a l param ete rs o f a  probe w ere t 
n o b ility  * 4.25 x  lO ^ c a ^ /v d t ooo* ; r e s is t iv it y  *  0.37 oho a s ; d o p in g  « 
8*6 x  10“  T h is  & m  an o u tp u t o f 0*7 te/toeartaA # w h ich  was q u ite  
s u ff ic ie n t to  o p e ra te  a  H o se lay  7Q30& X -T  c h a rt re o o rd s r*
The saep lae  w ere c y lin d e rs  o f le n g th  1*3 on and d ia n e to r
■ :■ -.'V., •* ' L Jtft L"
0*36 on made b y  p re s s in g  powdore a t a  p re ssu re  o f 315 k g /o n  * The 
o u ts id e s  w ere co a te d  w ith  a  th in  la y e r o f D u ro fix  to  p ro v id e  ease in  
h a n d lin g * Two e q u a l c y lin d e rs  w ere made o f eaoh sa a p le  and  w ore p la ce d  
one on c ith e r  s id e  o f th e  t e l l  p robe  B# f ig *  2 *2 *1 * ( 1 ) *  The t e l l  
p robee wore c o n ta in e d  in  s lit s  In  a  b lo c k  o f l  e repox* A h o le #  ju s t 
la rg e ?  in  d ia m e te r th e n  th e  aanplee# was d r ille d  th ro u #  th e  b lo c k  
p e rp e n d ic u la r to  th e  t e l l  p robo  8 # w h ich  had lte  c e n tre  o v e r th o  c e n tre  
o f th o  h o le #  f ig *  2 *2 *1 * (5 ) *  The t e l l  p rte e s  w ere o f e ith e r  c lo v e r le a f 
o r e ra e lfa re  shape# f ig *  2 *2 *1* (4 ) *  Tbs s iw p la e  w ore p la c e d  In  th e  
c y lin d r ic a l h o ls  w ith  th e ir  axes p a r a lle l to  th e  a i p lie d  f ie ld  and 
p e rp e n d ic u la r to  th e  t e l l  p robe  8 * They were re ta in e d  in  p o s itio n  b y  
expanded p o ly s ty re n e  p lu g s#  and w are in  c o n ta c t w ith  th e  t e l l  p robe*
The £OP d  betw een th e  sam ple fa c e t#  f ig *  2 *2 *1 * ( 1 )  was 0*4 mb# and 
was node up o f th e  th ie k n s o o  o f th e  t e l l  p robe  and o f th e  tw o  la y e rs  
c f X H iro fix *
A h a ro n i bos shown te a t a  gap o f 0*5 an  produced no 
d is to r tio n  o f th e  h y s te re s is  lo o p s  o f a  th in  film *  X t was aasuaod in  
te e  p re s e n t case th a t th e  f ie ld  m easured b y  th e  t e l l  p robe  8  wee node 
up o f te e  e x te rn a l f ie ld  and a  c o n tr ib u tio n  e q u a l to #  o r a  o o n e ta n t 
fra c tio n  o f#  te e  o a g n e tls a tic n  4a  (l-K y li,w h e re  9  is  te e  I — g n n tts tn g  
fa s te r  o f te e  saoy&ee* The M ethod  o f c a lib ra tio n  used# disease® *! ia
tho G a m  shape a* the theoretical curve in fig* 2*1*2# (6)#
4 5 *
—6 6 —
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th a  fo llo w in g  pa rag raph  p ro v id e d  a  cheek ea th e  v a lid ity  o f th is  
assum ption * Ths p robe H m easured th e  a p p lie d  f ie ld  7 it h  no
in  p o s itio n #  th e  c u rre n ts  w ere a d ju s te d  to  g iv e  e q u a l H a ll 
v o lta g e s  fro s t b o th  p rte e s . The o u tp u ts  o f te e  tw o probes w ore 
s u b tra c te d  so  th a t th e  re s u lta n t was so ro  a t a l l  f ie ld s  up to  10 fees,
K ith  th e  sam ples in  p o s itio n  th s  o u tp u t o f B has been assumed to  he 
p ro p o rtio n a l to  H ^  ♦  *K» w h ile  te e  o u tp u t o f H was p roport i o n a l 
to  H ^ .  Thus# ta k in g  in to  accoun t th s  fa s t th a t w ith  no sam ples th e  
o u tp u ts  a re  equa l#  s u b tra c tin g  te e  o u tp u ts  w ith  a  sam ple in  g iv e s  a 
re s u lta n t p ro p o rtio n a l te  IH  i. e .  p ro p o rtio n a l to  4x 8 .  Ths s u b tra c te d  
o u tp u ts  w are a p p lie d  to  one a x is  o f an 1~T re c o rd e r and te e  f ie ld  
o u tp u t ti a p p lie d  to  te c  o th e r#  as in  f ig .  2 . 2 . 1 .  ( 1 ) .  Thus m a g n e tis a tio n  
ve rsu s f ie ld  cu rves c o u ld  be d raw n . Exam ples a rc  Shown in  f ig .  2 .2A *  ( 5 )#  
Tho c a lib ra tio n  p ro ced u re  was on  a d a p ta tio n  o f th e  
m ethod e f Caee and H a rrin g to n 2^  fo r  c a lib ra tin g  a v ib ra tin g  sam ple 
m agnetom eter. Two c y lin d r ic a l p ie ce s  o f s o ft fe r r ite #  o f d is a s te r
0.36 on end le n g th  1.05 on ca te #  w ith  e a tu ra tic n  m a g n e tis a tio n  4*& s »
3250 gauss# w ere p la o td  in  th e  sam ple h o ld e r. The m a g n e tis a tio n  curve# 
shown in  f ig .  2 . 2 . 1 .  ( 6 )  c o n s is te d  o f an  in it ia l lin e a r  p o rtio n #  w h ich  
tu rn e d  e ve r to  a  c o n s ta n t v a lu e  a t h ig h  f ie ld s .  On th o  s lo p in g  p o rtio n #  
i f  M is  la rg e #  th s  in te rn a l f ie ld  *  B ^  -  4x * *  is  se ra  i. e .  th e  s lo p e  
3/H . The c o n s ta n t p o rtio n  o f s e ra  e lo p e  is  te e n  th o  — up**— is  satu ra te d
1 .e . X m  Mg. The m a g n e tis a tio n  on te e  s lo p in g  p o rtio n  is
4te  n  oqn . 2 J IA .  ( l )
and th e  m a g n e tis a tio n  on te e  c o n s ta n t p o rtio n  is
4te • 4teg eqh* 2.2A. (2)
The in te rs e c tio n  o f th e  tw o lin e a r  p o rtio n s  « f te e  ou rve  occur©  a t a
f ie ld  H^# a t w h ite
4teg m  t i/ t i cqn. 2.2.1. (3)
T h is  g iv e s  »  »  eqn . 2 . 2A . (4 )
The m easured f ie ld  H0 was fo u n d  to  be 1?0 o e rs te d  w h ite  gave 
” a^ r t o 8» t« a  ■ - iZ £  . 052.  The th e o re tic a l d s n a g n o tis a tio n
3250
fa c to r  fo r  a  c y lin d e r o f d ia m e te r d  m  0.38 cn  and le n g th  1 « 2 . 06#
(w h ite  is  th e  le n g th  o f th e  tw o c y lin d r ic a l p o rtio n s  to g e th e r#  i. e .
an  a sp e c t r a t io  p « 1/ d  m 5J*6 )» is  ^ th e o re tic a l *  0#C1® (^ w p h 27# 
M oskow its c t  a l.  ) .  Ths agreem ent betw een te e  tw o v a lu e s  is  n o t v e ry  
good# due perhepe to  th e  fo o t te a t p# te e  p e rm e a b ility #  is  n o t la rg e  
enough to  be n e g le c te d . However# i t  w U l be seen th a t even u s in g  th e  
la rg e r doirvc^Tjo t i  s in  f tec to r#  te c  d a sa c+ to tis in g  f ie ld  csf! s t i l l  be
—68—
M
Fig. 2 . 2 . 2  ( I )  R eco il  d e m a q n e H z - a h o n  f r o m  
n e g a h v e  fielcd •
D e f i n i t i o n  o f  re d u c e d  
rem anencee ( h ) - r J i o ( h ) -
- 6 9 -
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negleeted. The foot that the shape of the a&litration curve ie the 
earn as the theoretically expected one is taken as a chock on the 
validity of the assumption that the output of probe B Is proportional 
to tbs aapwtie induction in ths sample. She hysteresis of ths soft 
ferrite ms not noticeable on the scale used. This provides a 
calibration at the magnetisation axis since tee value of 4*HS ie known*
The dama&ietlslng field at saturation for tee bariua 
ferrite ms given by * 250 os., and at remanenoe
Hp » - m -65 os.# where the m n w .  value used ms the
bl#i— t m— owed tm  say at tee aatylos l.e* 4©^ * 1600 gauss : 
neglecting tee shearing of the loops doe to the dana&oetisiiig field 
ms estimated to give a maximum error cf 2% in the remanent magnetisations 
telch van about the eene se tee instrument error. The - demagnetising 
field ms neglected in all the measurements*
2.2.2. The samples were demagnetised by three methods
1) thermal demonetisation# by beating above tee Ourie point25
2) recoil demagnetisation from positive fields
5) x©coil daaagMtlsatlon from negative fields.
Recoil demagnetisation50 is shown in fig* 2.2,2. (1)*
Initial magnetisation curves# ronenenos curves and 
hysteresis loops# both major and minor were measured on tee samples 
after tee three demagnetisation processes. The initial susceptibility 
could be measured from tee initial magnetisation curves. When measuring 
the hysteresis loops# the field was oyoled 0 to - to 0 to ♦ HQ to 0.
Xt was found accessary to cycle tho field twice before drawing the loops
in ordor to stabilise them i.e. the loops wore drawn on the third cycle. 
Ha# the maximum field in a particular loop# wae increased in stops of 
1 koe from 0 to 10 hoe. 10 hoe was found to b» sufficient to produoo 
the major loop. Bo changes in tee hysteresis loop were found when the 
maxliBUB field was 25 koe# as compared with tee field used in
all the hysteresis measurements# i.e. ^  m 10 koe* When cycling the 
field to draw the minor loops# the sequence was always tee seme# 
regardless of the method of dvmagnetlsation i.e. 0# -ve# 0# ♦ve# 0*
tee various remanenoe* measured may be explained with 
reference to fig* 2*2.2. (2)* rJ(H) will be used to denote ths redueed 
rwmanenos after application of a field B i«s* tee ratio of tee rooanenee 
acquired to the saturation magnetisation
The field aeoessfoy to demagnetise the sample by reooil 
is called ths reaanenoe eoeroivity5 and is denoted by pHc* It is 
tee same magnitude for bote positive and negative reooil demagnetisation.
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direct recnnenoe after a field ♦H baa been applied to 
a thossaally '.losi'VTiotlsod cjiaplo.
reverse realmmm after a field -H has been applied to 
a sample previously saturated be; a field *1^ .
roaanencs after a field #8 has been applied to a simple 
reooil demagnetised from +RH0*
recanenoe after a field —H h** been applied to a r-aaple 
recoil demagnetised from +RH *
positive ranansnoe for loop with maximum applied field 
% 9 after
negative remaaaaoe for same loop as ^ 4y
positive rtkaonsnoe for loop with maximum applied field
* H# after reooil demagnetisaticm from +PJlQ»
negative reoansnoe for earns loop as Rjy.
positive resonance for loop with maximum applied field
%i# after reooil dreagnetlsatlcn from -?H0*
I negative renanoase for same loop as
Doterohangine positive aad negative ia tho definitions 
?A * n \ tbs sign of tbs rooaaanoe but not the oagnltude#
whereas for tbs definitions • Rj10 the nagaitude asy aleo change.
This ie beoause cyllag the field to stabilise tbs loops asews to Mae 
tbs oentres of tbs loops away from sero magnetisation* Tbs amount of
tbs biassiag do poods on tbs method of wii This le why
R53 * R**7 ^  8*10* HJa * p^ 9 thl3r rtsould ^  the ooherent
rotation theory of magnetisation reversal. Tbs iiluf Trmstitji bsteseu 
tho various remaasnees are diseussed in tbs next chapter.
8sJL   M d T t f f l f l  t e i H r w i i
2.3.1. for a sample with spatially random distribution of 
easy axes# tbs torque curve in a field H Is theoretically aad 
axjxu-irasntally octant «w*» (Jacob, and X M « V 7.
obfilor). Tbs oeatre lias of tho torque curve ooineldes everywhere 
with tbs torque curve Itself# but the oeatre line ie displaced from 
the lias of sero torque by a constant amount# depending on tbs value 
of the applied field B. This dlspiooeoeat Is a measure of tbs weak 
done in rotating the sample ia tho field H. The work done in rotating 
the sample 360° is called the rotational hysteresis52# and ie proportional 
to the area between tbs torque curve and tbs sero torque line. The
a V '4
rV b^
rW 1^
10
,1
4-
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■easurcneat procedure oonoisted in saturating tho saaple in tec MddhMi 
field tnlliHi m 27.7 kooat an arbitrary rare poaiti m of the srayl*# 
which rat in the fern of a disc. The field H§ raa reduced to the required 
reassuring field Ha* The torque ras measured as the *— pi* rotated 
360° with nupect to the field (Doeknr33, toeorth52}. the fiold m» 
in ths plane of tee dire. Rotational hysteresis see measured as a 
fractlsa ef field at 1 hoe. intervals la tee tangs o - f^ .
From prophs of rotational hysteresis versus field# tea 
rotational hysteresis integral 0° 1L (Witrtten rad WOhlforte15#
Jacobs and Luboreky17) asy bs j ^ calculated. The value
of the R.H.I. ie sa indication 6 s of the ragratisation
pi’OCO{>scf> ck^ currlug .
2.3,2. The neeeureoente were rade on the setae apparatus as 
used for tee remanent torque curves. Ths samples used were of two eerie.
One type wee cads by pressing ponder into discs ef dims ter 0.2 on aad 
height 0.03 as. The second type were of pondera dispersed in paraffin 
wax# with disaster 0.6 on ^  hoi lit 0.03 ” » t m * ravend type was 
used to eetisnte the deaogsetising fields on ths first type.
Kmeylai of torque curves and of graphs of rotational 
hysteresis versus field era shewn in figs* 2*3*2. (1) aad 2 .3 .2 .  (2).
2 A.l. Ths ponders used la tee present experiments were 
provided by Mallard Magnetic Ooaponsnts Ltd. They were node by tee normal 
industrial process for ferrites# teleh is as follora5^ .
Iron oxide and barium carbonate# 80 te 20 ratio hy 
wel^t were dry mixed and pressed into blocks, fosse blocks were fired 
at 2200% In air for 24 hours and were teen crushed. Ths coarse powder 
thus obtained ras wet bsllrailled# filtered and dried.
7h» firing at 120O°t ppoootod tbs reaction of tto 
constituents rad also sintered the product# so teat the resultant ray 
a coarse-grained polycrywtelllne nass. foe crushing produced a coarse 
pc*>der# which ras ball-stilled in order to reduos tee average grain else 
to the single-domain critical else.
foe effect hf purity# average particle else# nixing 
and preeiauerlng of the starting constituents has been thorough ly  
InveouigyTi ^od • In tho present oa,. o# Hie au.lt on of a snicJu
amount of 91 <4, ras asde to hinder grain growth. Ths SI dees net 
enter the ferrite structure# but is premised to be present ss a layer 
on the outside of the grains.
foe powders ae received from Bullards had in cone 
oases been given an annealing treatment of 1 hour at 980%. Further
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Sample ifti I^C iPc/vPc /■‘j (calc*) Annealing
oe. gauss oe. oe. treatment
A 2650 1500 3100 1.17 5895
B» 5150 1600 3590 1.14 6098 1 hr.0950 C
D 2030 1360 2580 1.24 5324
B* 2600 1360 3500 1.35 6060 1 hr. 0950 C
D(a)1 2950 1420 3450 1.17 6073 1 hr. <*930 C
0(a)2 3000 1390 3460 1.16 6240 2 hr.^950 C
D(a)J 2920 1330 3430 1.18 6260 3 hr. ©950 C
»(m)1 1550 1540 2180 1.41 5470
D(b )2 1560 1280 2100 1.35 5315
D(n)3 1520 1100 2050 1.35 5530
E*(«)2 1870 1360 2410 1.29 3575 1 hr*'3950 C
TABLE 2.4.1(1)
24) hours
43
72
allied In
rotary 
ball aill
Experiment Sample
Anisotropy
distribution
l o o p *
a o t ^ lo n a l  
' I V I iby •is
(Paraffin
Sample Aspect
V d
Demagnetising factor
diameter, d ratio, theoretical
0.38 cm. 0.13
1
0.128
0.38 cm. 6.84
II
0.011
0.20 cm. 0.25 £ 0.195
0*60 ea* 0.08 1 0.0869
TABLE 2.4.K I )
Note: * indicates that the annealing was done in the factory 1
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annealing end milling treatments were given to the powders end ere 
indicated ia table 2*4.1. (1)# which gives a list of the samples# 
their aagnstle properties and the iyg or ftnnamiing treatments 
given to thorn.
2^.2* All the samples# except those in pareffia wax for 
tee rotational hysteresis experiments# were pressed la a stainless 
steel die at a pressure of 515 kg/eri2* For the anisotropy distribution 
and tfas rotational hysteresis neasurenonts,disos wore used. Fra tee 
static hysteresis loops# cylindrical samples were used. The paraffin 
wax samples were disos* They wore prepared by dispersing the powders 
in liquid wax# whioh one allowed to set* Disc-shaped samples were 
out out.
Table 2*4.2* (l) gives tee dimensions for the samples 
used. It should be noted teat tee wimples for the hysteresis loop 
measurements wore two cylinders of equal length# the total length being 
twice the stated one. Tfas demagnetising factors 8# so defined by tee 
equation for the fen&gnetlslng field#
Bp • • M K g  eqa. 2.4JH. (l)
are also given. The demagnetising factors were in the plane of tee 
diso fra the diso-shapsd aaoples and parallel to the cylinder axis for 
the cyllndrlcally-thaped samples.
■S 
A 
M 
f 
L 
S
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t (* ± ♦ UU 1) koe.
2 $  3 $  * $  5 $  6 $  7 $  8 $  9 $  1 0 $  11,5 12$  1 3 $  1<*$ 1 5 $  16$  1 7 $  1 8 $
A - 6 3 3 4 5 6 10 12 16 13 14 6 2 1 - - 10.4
B 4 3 3 4 5 6 8 12 15 16 14 8 2 1 m m 10.3
D - 4 5 5 4 6 6 9 11 13 14 12 7 3 1 - - 10.4
E - 3 4 4 4 5 7 8 11 14 15 14 7 3 1 - - 10.6
DU)1 e» 1 3 3 4 4 7 10 13 16 17 11 7 3 1 m - 10.9
D(a)2 - 1 3 3 4 4 6 7 12 16 16 13 8 4 1 m - 11.1
»(a)3 - 2 3 2 4 4 8 8 13 15 17 11 8 3 - - 10.8
3(b ) 1 - 4 5 6 7 8 8 9 11 11 12 10 6 2 1 - - 9.9
0(b)2 - 3 5 6 7 8 8 10 11 12 12 10 5 2 1 - - 9.9
D(b )3 2 4 5 6 7 8 9 10 11 11 11 9 5 2 1 m - 9.6
E(b )2 - 3 5 4 6 7 8 9 12 14 14 10 6 2 1 - - 10.2
r - 7 6 5 5 7 8 9 9 10 9 9 7 4 2 1 1 10.0
a - 3 4 4 5 6 6 8 9 10 10 11 10 6 4 2 1 11.0
BA
TABLE 3*1.1(1). ^  versus }(% ♦
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3 4 5 6 7 8
Hi.1 ko#* 
9 10 11 12 15 14 15 16 17
A - 6 9 12 16 21 27 37 49 65 73 92 98 100 101
B - 4 7 10 14 19 25 33 45 60 76 90 98 100 101
D - 4 9 14 18 24 50 39 50 63 77 89 96 99 100
£ «e 3 7 11 15 20 27 55 46 60 75 89 96 99 100
D(a)1 as 1 4 7 11 15 22 32 45 61 78 89 96 99 100
D(a)2 m 1 4 7 11 15 21 28 40 56 72 85 93 97 98
D(a)3 - 2 5 7 11 15 23 31 44 59 76 87 95 98 99
B(s)1 4 9 15 22 50 38 47 58 69 81 91 97 99 100
]>(a)2 m 3 8 14 21 29 37 47 58 70 82 92 97 99 100
D(b)3 2 6 11 17 24 32 41 51 62 73 84 95 98 100 101
E(b)2 as 3 8 12 18 25 33 42 54 68 82 92 98 100 101
F 7 13 18 23 30 38 47 56 66 75 84 91 95 97
3 as 3 7 11 16 22 23 36 45 55 65 76 86 92 96
Table 3#1*1(2) 1 f± versus all samples
A-“* C
N.B. The fast that is not exactly 100 for all eaaplee Is
due to tha rounding off of ths Individual to tha 
nearest integer.
Fig. 3.1.1(1) Accumulative anisotropy field distributions (AAFD)
for three samples:
M a ) 2, the sample with the highest value of ;
D ( m ) 3 ,  the sample with the lowest value of „HiviM C
a sample with an average value o f  . H„
f'j C
-80- I
Ths anisotropy flsld distributions found from ths 
remanent torque curve measurements are given In seetlon 5*1 
and are used in seotlons 3.2 and 3*3 to predict the theoretical 
curves for remanenoe and rotational hysteresis respectively.
3.1 Results of remanent torque curve measurements.
3*1*1 The anisotropy field distributions are given in
table 3*1*1(1) in the fora versus ^(H4 ♦ and in table
3* 1*1 (2) in the form of 1 versus as discussed in
section 2*1*1* The 4^ are given in percentages* It was found 
that the differences between curves were more readily apparent 
if the accumulative distribution £ j   ^were plotted versus Ki+1 
on a log-linear system of co-ordinates*
The general trend of the curves nay be seen In fig* 3.1.1(1), 
which contains the results for the sample with the highest coercive 
force, D(a)2, the one with the lowest coercive foree, X>(m)3, and 
the starting powder, D, which was Intermediate in its value of . 
The samples with the lower coercive foroes have more particles with 
low values of anisotropy field than the samples with the higher 
coercive forces* This trend Is repeated throughout all the results, 
as will be seen later*
There ere two corrections which should be applied before the 
curves ore plotted* The results should be plotted as a function 
of internal field by subtracting the demagnetising field from the 
applied field* Secondly, the angular variation of the critical 
field should be taken into account.
The demagnetising field should be subtracted from the 
applied field to give the internal field, i.e* should be 
replaeed by where ■ -4TiH(HA). N is the demagnetising
faetor given In table 2.4.1(2) and M(Hi> Is the magnetisation 
at the field X^» M varies from remanence at ■ 0 to saturation 
at large applied field. For a typical sample, the demagnetising 
field varies from about 200 oe* at remanence to about 550 oe* st 
saturation. The remanenoe of all the samples ie approximately 
the same, so the demagnetising fields will be much the asms for
-&1-
Fig. 3.1.1(2) critical switching liela as 
a function of angle ©.
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------------------------ CORRECTS:*
----------- UMCOflft EC'f&a)
HJ+, = x  [H i + ,-^ -r r N  M (H ir o )]
Hi.,ft *
i i i I > i i i > i t i > i
5 H i . ,  ,0 f t  ,s
Fig. 3.1.1(3) Uncorrected AAFO versus external field,fL+ ,^ 
and corrected AAFD versus corrected internal 
field, H^+i» for tne two samples,A and B.
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tor * 
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all the samples. The effect of this correction will be twofold. 
Firstly, the distribution will be shifted to lower fields, but 
the amount of shifting will be lees at the low-fleld end of the 
curve than at the high-field end, due to the variation of with
the magnetisation. Secondly, the volume of material with 
anisotropy fields in a given range to will be different,
since * Ki4l^2 8104 B1 *° be replaced by Hi ♦
which will Increase V4.
1The seoond correction was considered by Deryugin and Sigal . 
For particles for which the easy axes are not exactly perpendicular 
to the applied field, the eritleal fields will be less than the<nanisotropy field* It  the easy axle Is at an angle of j  -  ©
to the applied field, the relationship between the erltleal field
and the anisotropy field is given by2
Uorlt/HA . (1 - t2 ♦ tV/(1 ♦ t2) oqn 3.1.1(1)
which la plotted la fig 3.1.1(2) for v&luoe of 0 up to 5°« whoro 
t is cotan ©• If there le a spread in the values of ©, there 
will be a spread In the values. The relationship between
the measured anisotropy field and the actual one must be found 
by integrating eqn. 3* 1*1(1) over all values of ©, from 0 to ©{.,« 
Deryugin and Sigal showed that the correction involved multiplying 
the experimental value by a constant factor which depends only 
on the angle ©. ,. For the present experiments, • 2°, and the
correction faetor for this angle was 1*1. The effect of this
correction will be to shift the distribution curves to higher fields, 
but the amount of shifting will be greater at the higher fields 
than at the lower* A second effect due to the angular variation 
of will arise because the area under the torque curve will
be less if &crit le less. Thus a correction must be made, taking 
into aecount the variation of with values of © from 0 to
©^ . This correction will depend only on ©^ and will change the 
absolute volume calculated from the experimental curves, but not 
the peroentage volumes, since all the volumes, including the total 
volume, will be inoreased by the same faetor*
The effect of these corrections on the distribution curves 
is seen in fig 3*1*1(3)* where both corrected and uncorrected 
curves are shown for samples A and B. It is seen that the remarks 
In the preceding two paragraphs are generally borne out* The 
qualitative picture for the unoorrected curves is much the same 
as for the corrected ones, as regards the differences between the
j
—64-
Fig. 3.1.2(1) AAFD for annealeu samples
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independently of each other, and the cistribution
for th e s e  samples after annealing, B and L.
i
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I * I > I * I 1 I 1 I (■ I I I I H5 lo ,5
Fig. 3.1.2(3) AAFD for three independently prepared samples.
\o o *  ■ 
So- ■ 
8o- •
70" ‘
t o -  * 
5° ‘'
4 o ‘ * 
3 o*  -
2.0 * ■
%
IO - •
♦ I
Fig. 3.1.2(A) AAFD for milled samples.
*•88—
■» i > 1 i > i i i i < > > i t
5 H i . ,  ‘ °  f t * . .  , s
Fig. 3.1.2(5) AAFD for a sample which was annealed and then
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Fig. 3.1.2(6) Coercive force versus mean anisotropy field 
for all samples.
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curves. Since there ie no theory with whleh to compare the r a suite, 
and sines the labour involved in making the corrections would have 
been rather great, it was not felt worthwhile to eorreet all the 
results. It might be felt that the eorreeted curves would be 
necessary to prsdlet ths results in sections 3,2 and 3.3# but 
here again, only qualitative deductions would be possible, whleh 
would not be altered by using ths uneorreetsd curves.
Hsne# it was decided that the above corrections should not 
bs mads, but It should be pointed out that for accurst# quantitative 
results, tbs corrected curve© should be used.
3.1.2 The effset of annealing on the distribution curves is 
seen in fig 3.1.2(1), The ooereive force is increased by annealing, 
whioh is accompanied by a decrease in the percentage of partleles 
with low anisotropy fields, Ths ssmpl# whioh was annealed for 
the longest tine, D(a)3, has n coercive force lower than that of 
D(a)2, This is shown up on ths curves by an increase in the 
percentage of partlslee with low anisotropy fields. For samples 
prepared at different times, i.e. A, D , F and G, ths sans general 
trend holds, that samples with the higher coercive forces have 
lass particles with low anisotropy fields than ths samples with 
ths lower coerelve forces, figs 3.1.2(2) and 3«1»2(3)» This 
pattern is retained after annealing, curves B and £, fig 3#1#2(2).
The effect of milling ie to increase the percentage of 
particles with low anisotropy fields, figs 3*1.2(4) end 3.1.2(5). 
Ths oosroivs force Is reduced by milling, although ths sample 
milled for ths medium time, D(m)2, has a higher coercive force 
than D(m)1 whioh shows up as a decrease in the pereentsge of low 
anisotropy material. Sample D(m)2 has Isas low anisotropy material 
than D, but has a lower ooereive foroe. However, in the medium 
field range, the curve for D(m)2 la well above that for 0. The 
effect of milling on the distribution curve of an annealed sample 
la shown in fig 5*1*2(5). Annealing reduces the percentage of 
low-anlcctropy material, and milling Increases this percentage 
again. The coercive foros is increased by annealing and reduced 
by milling.
Pig 3*1 #2(6) shows versus ths mean anisotropy fiold,
H , defined by
Fig. 3 . 1 .3(1 ) Fractional volume of material which reverses
its magnetization by coherent rotation, versus 
coercive force, for all samples.
-92.
H at 1*0a ____
eqn 3.1.2(1)
i»o
n la the total number of field eyeles.
Considering the samples D, D(a)1-3, D(m)1-3t E, E(m)2 one sees
on e fairly smooth eurve, which flattens off at both high and
low values of ill these samples were derived from D. Camples
prepared independently, i.e. 1, F and Q, do not lie on this curve,
but presumably on curves of their own. B, which Is derived from
A, could possibly lie on such a curve with A. It appears that
the value of depends on the method of preparation in the factory.
Two of the samples, prepared Independently, i.e. A and D, had the
same value of H , but different eoerelve force©, as found by a -Flanders and Shtrikman . This appears to be coincidental,
although further work to determine the dependence of on the
production parameters is necessary to confirm this.
Thus the general features of the curves are that the higher
eoerelve force samples have a lower percentage of particles with
low anisotropy fields than the lower coercive force samples, and
that this percentage is increased by milling and decreased by
annealing. For samples derived from a common starting powder
e.g. E, 0(a)1-3, and D(m)1-3, and E(m)2 derived from 2), the curve
of versus n, appears to be fairly smooth. For other samples, n c
prepared independently, e.g. A and B, F, a, the experimental points 
may not lie on the earns curve as do those for the samples prepared 
from D. It is envisaged that each group of samples prepared from 
a given starting powder will be associated with its own curve, 
different from the curve for a seoond, independently prepared 
starting powder. Thus samples with different values of may 
have the same values of
3.1.3 The fractional volume of material reversing by coherent 
rotation, V  was calculated for each sample, using eqn. 2.1.2(5), 
and le shown in fig 3.1.30 )* plotted versus MHC. The surprising 
feature of thie figure le that the samples with the highest values 
of VT occur at the lowest eoerelve forces and vloc-vcrsa. the 
values for milled samples are eloeely clustered in the top left-hand
that the eoerelve force Increases with 1%, ell the points lying
Fig. 3.2.1(1) ' Reducec reaanence curves versus reduced field,
assuming coherent rotation of the magnetization.
corner, while those for the annealed samples are scattered in the 
bottom right-hand corner. Sample D(m)1 has a value of 1 which
is unlikely, since it indleatee that all the partlolee in the
sample reverse coherently. Even more unlikely, not to say
imposalble, is the value of V7«1*16 for E(m)2.
These anomalous features of fig 3*1.3(1)# which are 
contrary to expectation, will have to be explained In the later 
dlaeusslon of the results.
3.2 Semanence Curves.
3.2.1 The anisotropy distributions of section 3.1 may be used 
to ealculate the field dependence of the various remansnose 
defined in seetion 2.2.2 For a sample in whieh all the partlolee 
have the same anisotropy 
oaleulated by Wohlfarth* 
eprsad in the anisotropy fields means that the remanenee eurve
is a summation of curves similar to that in fig 3.2.1(1) but4-7each curve starts at a different position on the &• axis.
The maximum reduced remanenee will be 0 for the curve 
with anisotropy field $(8^ 4 ). The field dependence of the
reduced renanencs le given by
i f  - - - eqn* 3.2.1(1)
>y field, the remanence j^(B) has been 
i***5, and la givon la fig 3.2.1<1). A
where Ji (h,) is the redueed remanenee for the fractionf i at the
field h. * a /  j ( a i  4 a u 1 $  . The other reduced remanenoes
defined In secarelationships
j 2<“ >
3 , 0 0
J q(H)
35(h )
37<h>
38(h )
ion 2.2.2 007 bo d.riv.d froo j, using Wohlforth'n
4, CH, 
0 , H
) -  2 3 , 0 )
-j2(h ), h - HH ) 
-2 j. (H) < H1
<H
R
)  B • B_J1
-3f <H) - 3, (H)
R )
-310<B> “
-39(h >
35(h)
3%<h>
•qa 3.2.1(2)
•qn 3.2.1(3)
oqn 3.2.1 (D
oqn 3.2,1(5) 
•qn 3.2.1(6) 
oqn 3.2.1(7)
CoHfcftxrt-r 
RoTflT VON
lSO*-3>ottAlN-VALL
M otio n
tig. 3.2.1 (2) Direct remanence curves for assemblies 
with spatially random distribution of
easy axes, reversing by coherent rotation, 
ana for 150^-domain-wall motion.
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Fig. 3.2.2(12) and ^ ^  for the three samples
and D(m)3.
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D, D(a)2
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Fig. 3.2.2(13) and for the annealed samples.
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The field^ im the remanenee ooereivity9, whleh may be defined 
am that field for whleh either • 0.5 or
^2^0 * °* raa7 be derived from the remanenee curves. I t  
magnetisation reversal proceeds by coherent rotation, both 
definitions give ths same value o f b u t  if non-co hermit processes 
occur, ths values may be different.
The remanenee curve for completely incoherent rotation,
i.e. I80°-domain«wall motion, is given for comparison in
fig 5.2.1(2), assuming that the anisotropy is uniaxial, the easy 
axes arm randomly distributed in space, and the critical field for 
domain-wall motion when the applied field Is along the axis is 
H ■ 0*1 H.. A distribution In values of H would mean, asO A O ’
before, that the resultant remanenee would be a summation of a
family of curves.
3.2.2 Shewn in figs 3.2.2(1) to 3*2,2(11) are the following
reduced remanenee curves: j* (theoretical), calculated taking
the anisotropy field distribution Into account) j. (experimental);<« * j1 (experimental), defined from eqn. 3*2.1(2) as
d] <H) . § - J2(H) , eqn 5.2.2(1>
Also shown are the differences:
* j1 (theo.) - j1 (exp.) eqn 3.2*2(2)
and m (theo.) - (exp.) eqn 3*2.2(3>
where j!j (theo.) « j1 (theo*) on the coherent rotation theory*
The magnitudes of A^ and A^ are indications of the amount of 
material reversing its magnetisation by non-eoherent processes.
It may be seen that the experimental remaneneea are
greater than the theoretical ones in fields up to 5-7 tooe., but
> 1that in higher fields the pattern is reversed. Also j1 in
fields up to 3-5 koe. but, in general, j1 N in higher fields.
Fig 3.2*2(12) shows and Aj* for the three samples £>, D(a)2
and D(m)3. A^{ Is least for ths unmilled sample at the lower
fields, and greatest for the milled sample at the higher fields.
Is greatest at both ths lower and higher fields*
The effect of annealing is seen In fig 3*2.2(13)* At the 
lower fields, AM (annealed) 5 (unannealed), At the higher
Fig. 3.2.2(14) A a  and AA.' for the milled samples.
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fig. 5.2.<(15) anQ a sample annealed and then
milled.
7 0 7 -
Fig. 3.2.2(16) any ^  ^  for t,iie saB1Ples L and B.
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H>H,
Fic . /.2.2(17) i and 2'4'/ f0r samP^es
Jj, D ( a ) 2  and b (m)3 .
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Pig. >.2^(18) I°r adl- samples
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Fig. 3.2.2(19) for samples,
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If -ff M
F ig .  3 . 2 . 2 ( 2 C) h a jo r  ana m in o r h y s te r e s is  lo o p s  fo r  sam ple A 
a f . te r  th e rm a l d e m a g n e t iz a t io n .
and L(m)3.
-113-
TO'i
Oui-fS
1 o • 0
i 3>0*.)3
. 1
» 6 * >
«— , ®6»>»
Fig. 3.2.2(22) A *. for all samples
1
10
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fields, the pattern is reversed, 1 (annealed)" ~ (unannealed), 
at both the lower and higher fields.
For ths milled samples, fig 3.2,2(14) shows that both 
-ft “ d<^ 1  ar* ere.t.r at both tb. lo-.r and hiehar fialda than 
for the unbilled sample, although for the sample whieh had been 
milled for the longest time the values of^j^ andA at the 
lower fields are nearer to those of the unmilled sample than are 
the values for the other two milled samples. Annealing a sample, 
then milling it, fig 3.2.2(13) and annealing of aample A, fig 
3.2.2(16) bear out these observations.
Zt is seen from flge 3.2.2(1) te 3*2.2(16) that Wohlfarth's 
relationship, eqn 3*2.1(2) is not valid, sines % J1*
Relationships 3.2.1(3) and 3.2.1(4) do not held either, 
as shown in figs 3.2.2(17) to 3.2.2(19). The discrepancies are 
shown in figs 3«2*2(13) aad 3*2.2(19) respectively, by the 
quantities
0 4,1 theory) eqn 3.2.2(4)
and m . 2j!j (» 0 in theory) eqn 3*2.2(55
There are no particularly marked trends in the deltas, but 
(milled) < (wanealed), and seem to held.
The remanences of the minor loops also show diserepansies 
from Wohlfarth’e relationships. An additional effect ie found, 
in that the minor loops are shifted along the magnetisation axis. 
This offset manifests itself in two ways. In the thermally 
demagnetised samples, the loops are not symmetrically placed 
with respect to the axes, as seen in fig 3.2.2(20) for sample A.
Fig 3.2.2(21) shows the +ve and -ve remanenees after thermal 
demagnetisation for the three samples D, D(a)2 and D(m)3* The 
non-equality of and jg is shown in fig 3.2.2(22) by tho quantity.
ajj « ♦ Jg (* 0 in theory) eqn 3.2.2(6)
which ie not sero everywhere. It ie largest for the annealed 
samples and smallest for the milled ones. Annealing a sample 
increases & while milling reduces it. If the sample ie 
annealed, then milled, increases, then decreases. Comparison 
with the direct reraanenee curve, also shows dleere pane lee, shows 
in fig 3.2.2(23) by the quantity
<aj6 * $(J5 - j6) - (■ 0 in theory) eqn 3.2.2(7)
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Fig. 3.2.2(24) Major arm minor hysteresis I q q j l s  lor sample A 
after recoil demagnetization from +ve H.
F ig .  3.2.2(23) and for sam ples L/, i;(a)2,
and L ( m ) 3 .
•y
-
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Fit. 3.2.2(26) ior ali samFles‘
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Fig. 5.2.2(27) for all samples.
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Initial magnetization curves for sample A after 
various demagnetizing processes.
4- if M £
Fig. 3.2.3(2) Initial magnetization curves lor sample l(a)3 after 
various aemagnetizing processes.
1 2 2 -
ii follows tho same pattern aa ^  j^  above.
The second way In which the shift shows up is I n  ths minor
loops after reeoll demagnetisation. If recoil is carried out from 
♦ should be sero for loops with uaxinur applied +ve field
less than , Xt Is seen in fig 3*2.2(24), which showa the minor 
loops after reooil demagnetisation frost +ve H for sample A, that 
ths minor loops are shifted downwards and j^  is **ve, h ty/ty 
Instead of being sero. The minor loops enter only three quadrants 
for fl but enter all four for H Fig 3*2.2(25) shows
jy and j10 for the three samples D, 2>(a)2 and D(s)3* In theory
j^  « j.., and the discrepancies from this relationship are shown
I n  fig 3*2.2(26) by the quantity
^ 7  * jp * (* 0 X* theory) oqn 3*2.2(8)
Dlnce j^(H *gHc) * 0, all samples, the fact that is ~vs for 
low fields for all samples means that ths minor loops are shifted 
downwards, all samples. There is no pattern in the dieerepanelee, 
except that<^jy reaches its maximum at higher fields for the 
annealed samples than for the milled ones. The same remarks hold 
for j10, although, as may be sssn In fig 3.2.2(25)# L? 4 
differences are characterised by the quantity
- j? ♦ J1Q (- 0 in theory) eqn 3.2.2(?)
shown In fig 3.2.2(27)* Again, there Is no pattern visible, as 
ths effect is apparently email and is masked by experimental errors.
3.2,3 Examples of the initial magnetisation curves are shown in 
figs 3*2.3(1) and 3.2.3(2) for the samples A and D(a)3. There 
are three types of Initial magnetisation curves, taken in +ve fields:
H : after thermal demagnetisation
H reeoll M from -vs H
Kj 3 i "  *  M " t i H
In the following dieeuseion, the magnetisation curve in -ve fields 
after recoil demagnetisation from +ve fields Is
Use above j up to fields comparable to and 
Then becomes higher than For ooherent rotation of tho
magnetisation vector, jjj2 should lie above . j1 and should rejoin 
ths aajor loop at H • which it doss not. gj^  is almost linear
and joins onto ths major loop at H • , as expected.
-123-
Fii . 3.2.3(3) I/ 1 and  ^j, for sample B.
Sample H«C 80C rV m8© gHg(eale.) Annealing Milling
oe. gauss oe. oe. treatment treatment
A 2650 1500 3100 1*17 5395
B* 3150 1600 3590 1.14 6098 1 Hr.«950 C
D 2080 1360 2580 1.24 5824
B* 2600 1360 3500 1*35 6060 1 Ur.<*950 C
Mt)1 2950 1420 3450 1.17 6073 1 Hr.*^ 950 C
B(a)2 3000 1390 3460 1.16 6240 2 Hr.«950 C
D(a)j 2920 1330 3450 1.18 6260 3 Hr.0950 C
D(m)1 1550 1340 2180 1.61 5470 24^ hours
D(a)2 1560 1280 2100 1.35 5515 48 milled in
l>(a>5 1520 1100 2050 1.35 5330 72 rotary
B*(b )2 1870 1360 2410 1.29 5575 1 Hr . <*950 C 48J ball Bill
TABLE 2.4.10)
Kxperiaent Sample Sample Aspect Demagnetizing factorheight, L diameter, d ratio. I/d theoretical
Anisotropy distributio
Hysteresis 
loops
Rotational 
hysteresis
(Paraffin 
wax samples
TABLE 2.4.^1)
0,05 cm. O.38 cm. 0.13 0.128
1.3 cm. 0.3'i cm. 6.84 0.011
0.05 cm. 0.20 cm. 0.23 0.195
0.05 em. 0.60 cm. 0.08 0.0369
Note: * indicates that the annealing was done In the faetory
-1 2 5 '
The initial susceptibility after thermal demagnetisation
la greater than after reooil demagnetisation. At the remanence
points d1<Has3l)e and (i.e. J2 * 0) th# **“•
value of sueoeptibllity is found, less than that aftsr thermal
demagnetisation. The susceptibilities at all reaanenee points
10decrease with increasing flHc, as found by Sixtus et.al. , and 
are not disoueeed further here.
The positions of the tipe of tho minor loops lie lower 
than the initial magnetisation curves, even though the minor loops 
are shifted. For the thermally demagnetised samples, the tips 
in positive fields lie on a curve with a plateau, j.j^ , as seen 
for eaaplee A and B in figs 3*2.30) and 3*2.3(3). The extent 
of the plateau depends on the ooeroive force, being greater for 
the greater coercive force. The tips in -ve fields aleo lie 
below -KJ1.
For tho samples reooil demagnetised from +ve H the tips 
of the minor loops in +ve fields lie below the initial magnetisation 
jjjj curve up to H a ^Ke and lie on the major loop for II > ^Io*
The tipe in -ve fields lie on the initial curve, up to
H a but lie below the initial curve for H ^ .^ 1^ . Thus the
magnetisation in +ve fields up to H a gB la loss after the eyeling 
procedure than after the single application of a field H. There 
ia some indication of a plateau in the positions of the tips of 
the loops in +ve fields, but sinee yj^ is plateau-like itself, no 
definite conclusion could be reached.
3.2.4 The remanence ooereivlty may be defined in two wayss
(a) it la that field gHc for which J1(pHc) » 0*5 or
(b) it is that field at which jp(^HQ) » 0. This second
definition may be changed, using eqn 3*2.1(2) into ^(.JI^) a O.Sj^H^ )^. 
The remanence ooercivitlea found using the letter definition from
figs 3.2.2(1) to 3*2.2(11) have been given in table 2.4.1(1), 
whloh is given again here. The values derived from j^  (theo.), 
denoted by (calc.) are larger than the experimental values 
for all samples, indicating that non-eohcrcnt magnetisation 
processes are taking plaee. The ratio of to whieh should
be 1.09 for a sample reversing by coherent rotation, are given in 
table 2.4.1(1). Larger values of this ratio do not necessarily 
indicate the presence of non-eoherent processes, as a spread in
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Fit. 3.5.1(1) Reduced rotational hysteresis 
versus reaucea applied field, 
for coherent rotation.
H A e * .
# 3  . 3 .  \ ( a )
A-xr^efc^^^Jl \jGaao / v^ a a \4o  A*Jjl/W *A ‘^ J^ ’
la ft -
V
0 0
H o t .  , - k u
Fig. 3.3.2(1) hxperimental curves of rotational Hysteresis 
versus internal field.
-U9-
Sample 8.S.X.
A 0.28
B 0.27
D 0.28
S 0.27
X>(a)1 0.28
D(a)2 0.26
D(a)3 0.28
D(m)1 0.29
D(m)2 0.30
D(m>3 0.35
E(m)2 0.27
’ 1 . j :
Table 3.3.2(1)
Experimental values of the R.iI.X. 
for the barium ferrite samples.
Mode ......... r a x ......
Coherent rotation
Fanning in 
ohain-o f-sphereo
Uomain-wall
motion
Infinite cylinders
0.38
1.02
3.41
Varies from 0.38 at small 
radii to 3.41 at large 
radii
i
fable 3*3»2(2)
Theoretical values of the 3.H.X. 
for various modes of reversal.
th# values of the anisotropy fields also raises ths ratio.
3*3 Rotational Hysteresis
3*3*1 Consider an assembly of particles with uniaxial anisotropy,
whleh reverse their magnetisation by coherent rotation, and for
whleh the distribution of the directions of the easy axes Is 
spatially random. Ths theoretical dependence of the rotational 
hysteresis of this assembly on the reduced field le shown in 
fig 3*3*1(1)* The anisotropy field distributions from section
3.1.2 may be used, in conjunction with fig 3*3*1(1), to derive 
the theoretical rotational hysteresis curve for each sample.
Each group of particles^  ^with anisotropy field (K^ ♦
will have a curve similar to that in fig 3.3.1(1) associated with 
it. For a fixed external field H, since the reduced field is 
equal to H/^H, the rotational hysteresis will vary from group 
to group, sines jB ^ varies, and the rotational hysteresis varies 
as varies. The resultant rotational hysteresis for all
groups of particles will be ths summation of the individual values
for each group. This calculation has been carried out for sample 
D, and the curve is shown in fig 3*3*1(2), together with ths 
experimental curve. It is seen that tho experimental curve is 
much lower than the theoretloal one. The same is true for all 
samples, and the theoretical curves were not calculated for any 
other sample, since no new information was derivable from these 
curves that could not be got from the remanenee curves.
3*3*2 Fig 3*3.2(1) shows th# rotational hysteresis, (R.U.), 
versus internal field curves for ths samples Z>, D(a)2, J)(m)3,
Xt is seen that milling a sample reduces the peak value of the R.B* 
and shifts it to lower fields, while annealing a sample Increases 
the peak value of the R.H. and shifts it to higher fields.
The rotational hysteresis Integral, (R.B.X.), discussed 
in section 2.3.1, may bo found from the areas under curves of R.B. 
versus the Inverse of internal field. The values of the R.B.I. for 
all samples are given in table 3*5*2(1)* The theoretical values 
for various modes of magnetisation reversal, for random assemblies 
of particles with uniaxial anisotropy, arc given in table 3*3*2(2), 
The surprising fact to be seen from these tobies is that th# R.H.l. 
is less than any of the theoretical values, although the value for 
cohorent rotation le supposed to bo the lower limit of all possible 
values.
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In  g e n e ra l, m i l l in g  a  sam p le  in c re a s e s  th s  w h ile
a n n e a lin g  a sam p le  re d u c e s  th e  T here  a re  e x c e p tio n s  to
th e s e  re m a rks  In  ta b le  3 »3 «2 ( 1 ) ,  s in o e  th e  v a lu e  f o r  K (m )2  i s  
le s s  th a n  th a t  f o r  S , and th e  v a lu e  f o r  D (a )3  le  a lm o s t th e  same 
ae th a t  f o r  D.
-132'
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The r e s u lt s  g iv e n  in  c h a p te r  3 ® *y be e x p la in e d  b y  
m a k in g  th e  fo llo w in g  a s s u m p tio n s :
a ) d is lo c a t io n s  In  th e  c r y s ta l la t t l o e  re d u ce  th e  a n is o tro p y ;
b ) th e  re d u e tlo n  in  th e  a n is o tro p y  is  p r o p o r t io n a l to  th e  
d is lo c a t io n  d e n s ity |
e ) d is lo c a t io n s  may a c t aa dorta ln - w a ll  n u c le a tlo n  c e n tre s ;
d ) th e  p reeenoe  o f  dom ains a ffe e te  th e  rem anenee c u rv e s ;
and e ) so  a s y m m e tric a l m a g n e tis a tio n  p ro c e s s , due to  c y l in d r ic a l
d o m a in s , is  p re s e n t.
4 .1  A n is o tro p y  F lo ld  D is t r ib u t io n s .
4 .1 .1  The p o s s ib le  d is lo c a t io n s  in  th e  b a riu m  f e r r i t e  la t t lo e  
a re  c o n s id e re d  In  th e  a p p e n d ix . I t  le  shown th e re  th a t  c e r ta in  
p o s s ib le  d is lo c a t io n s  may b re a k  th e  m a g n e tic  c o u p lin g  betw een th e  
s p in e l- l ik e  b lo c k s  in  th e  u n i t  c e l l  and th e  ir o n  io n  on th e  2b 
s i t e  w h ich  g iv e s  r is e  to  th e  la rg e  m a g n e to e ry s ta llin e  a n is o tro p y 1.  
I f  t h is  c o u p lin g  is  b ro k e n , i t  i s  p o s s ib le  f o r  th e  a n is o tro p y  
c o n s ta n t to  become s e ro  o r  - v o ,  duo to  th o  d ip o le - d ip o le  in t o r -
3 Cl
a c t io n s .  The r e s u lta n t  a n is o tro p y *  ,  a t  300 K , o f  a la t t i c e
composed o f  fa u lte d  and u n fa u lte d  re g io n s  w i l l  v a ry  fro m
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♦ 3 .3  x  10  e rg  cm f o r  a  p e r fe c t ,  u n fa u lte d  la t t i c e  to
♦0 .0 5  x  108 o rg  cnT5 f o r  a t o t a l l y  im p e r fe c t la t t l o e 5 ,  w here  o n ly
th e  d ip o le - d ip o le  c o n t r ib u t io n  I s  o f  im p o rta n c e . The a n is o tro p y
w i l l  depend on th e  am ount o f  fa u lte d  m a te r ia l p re s e n t.
The s a tu ra t io n  m a g n e tiz a tio n  w i l l  a ls o  be re d u ce d  i f  th e
c o u p lin g  ie  b ro k e n , e in o e  th e  d ip o la r  c o u p lin g  is  e x p e c te d  to  be
u
a n t lfe r r lm a g n e t le  ,  as f o r  K F e ^ O ^ . P ro v id e d  th a t  th e  r a t io  o f  
K to  i s  re d u c e d , h o w e ve r, th e  a n is o tro p y  f i e ld  w i l l  be 
re d u c e d .
T here  w i l l  be a  c o n t r ib u t io n  to  th e  t o t a l  a n is o tro p y  fro m  
shape a n is o tro p y . T h is  c o n t r ib u t io n  is  -v e  and w i l l  v a ry  fro m  
z e ro  f o r  a  p a r t ic le  i n f i n i t e l y  lo n g  a lo n g  th e  C -a x is  to  
f o r  a  p a r t ic le  i n f i n i t e l y  lo n g  a lo n g  th o  C -a x is  to  - 4 tH jj f o r  a  
p la te  I n f in i t e  in  th o  d ir e c t io n  p e rp e n d ic u la r  to  th e  C -a x ls .
F o r b a riu m  f e r r i t e  th e  shape com ponent i s  e xp e c te d  to  a p p ro a ch  
c lo s e ly  to  - 4 v ^ | ,  e ln e e  th o  p a r t ic le s  a re  p la te -s h a p e d , w ith  th e
e a sy  a x is  p e rp e n d ic u la r  to  th e  p la n e  o f  th e  s a m p le . H ow ever,
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fro m  th e  r e s u lts  o f  H e ln eo ke  on th e  s iz e s  o f  th e  c r y s t a l l i t e s  
In  s tro n tiu m  f e r r i t e  m a g n e ts , i t  i s  d e d u e ib le  th a t  th e re  w i l l  be 
many p a r t ic le s  w ith  v a lu e s  o f  th e  shape com ponent aa lo w  aa -H * C  
Thus th e  a n is o tro p y  f ie ld s  due to  shape a re  e x p e c te d  to  have 
a  sp re a d  o f  v a lu e s  fro m  a b o u t - 4  t t to  -  ttH ^  f o r  b a riu m  f e r r i t e .
I t  ia  n o t p o s s ib le  to  s e p a ra te  o u t th e  shape com ponent o f  th e  
t o t a l  a n is o tro p y  b y  th e  m ethods used  to  o b ta in  th e  r e s u lts  
em bod ied  in  t h is  th e s is .
In  th e  fo llo w in g  d is s u a s io n  o f  th e  a n is o tro p y  d is t r ib u t io n ,  
th e  p e rc e n ta g e  o f  p a r t ic le s  ia  th e  lo w  a n is o tro p y  f i e ld  ra n g e  w i l l  
be a  u s e fu l in d ic a t io n  o f  th e  e f f e c t  o f  a n n e a lin g  and m il l in g  on 
th e  m a g n e tic  p r o p e r t ie s .  T h is  i s  due to  3e r la c k 's  p r in c ip le ® , 
w h ich  s ta te s  th a t  in  a  m ix tu re  o f  m a g n e tic a lly  s o f t  and h a rd  
co m p on e n ts , th e  s o f t  com ponent has a  much g re a te r  e f f e c t  on th e  
m a g n e tic  p ro p e r t ie s  th a n  th e  h a rd  com ponent. S o ft  in  th e  p re s e n t 
case  means h a v in g  a  lo w  a n is o tro p y  f i e ld .  H ow ever, th e  w h o le  
a n is o tro p y  f i e ld  d is t r ib u t io n  m ust be ta k e n  in t o  a c c o u n t, and 
t h is  i s  done b y u s in g  th e  a ve ra g e  a n is o tro p y  f i e ld  I T ,  d e fin e d  
in  e q n . 3 . 1 . 2 ( 1 ) .  The c o e rc iv e  fo rc e  depends on V  in  tw o  w a ys . 
F i r s t l y ,  i f  Ha changes because  e f  a  change ia  th e  a n is o tro p y  f i e ld  
d is t r ib u t io n ,  th e n  th e  c o e rc iv e  fo rc e  c a lc u la te d  on th e
c o h e re n t- ro ta t lo n  th e o ry , changes a ls o .  S e c o n d ly , a  change in  
th e  a n is o tro p y  f ie ld  d is t r ib u t io n  means a change in  th e  d is lo c a t io n  
d e n s ity  and hence a  change in  th e  d e n s ity  o f  d o m a in -w a ll n u c le a tio n  
c e n tre s . Thus th e  am ount o f  dom ains p re s e n t ch a n g e s , a n d , s in c e  
th e  c o e rc iv e  fo rc e  i s  a ffe c te d  b y  th e  p re se n ce  o f  d o m a in s , th e  
c o e rc iv e  fo rc e  changes to o .
The v a lu e s  o f  f o r  a l l  sa m p les  a re  g iv e n  in  f i g  3 . 1 . 2 ( 6 ) .
4 .1 .2  In  a g iv e n  sa m p le , th e re  w i l l  be a c e r ta in  d e n s ity  o f  
d is lo c a t io n s .  A n n e a lin g  th e  sam ple  w o u ld  re d u ce  th e  d is lo c a t io n  
d e n s ity ,  and hence re d u e e  th e  p e rc e n ta g e  e f  p a r t ic le s  w ith  le w  
a n is o tro p y  f ie ld s .  M i l l in g  th e  sam ple  w o u ld  in c re a s e  th e  d is lo c a t io n  
d e n s ity  and henos in c re a s e  th e  p e rc e n ta g e  o f  p a r t ic le s  w ith  lo w  
a n is o tro p y  f ie ld s .
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Thsso re m a rks  a re  b o rn e  o u t b y  th o  r e s u lts  o f  th s  a n n e a lin g  
and m il l in g  e x p e rim e n ts  q u o te d  In  o h a p ts r 3 .
As shown in  f i g  3 * 1 * 2 ( 1 ) ,  th o  a n n e a le d  sam p les h e re  le s s  
p a r t ic le s  in  th o  lo w  a n is o tro p y  f i e ld  ra n g e  th a n  does tb s  
u n a n n e a le d  sa m p le * The fa e t  th a t  th s  sam ple  a n n e a le d  f o r  th o  
lo n g e s t tim e  has m ore p a r t lo le s  in  th e  lo w  ra n g e  th a n  th e  o th e r  
a n n e a le d  sam p les s a y  be due to  some s l ig h t  s in te r in g  ta k in g  p la c e  
d u r in g  th e  lo n g  a n n e a lin g *  F a u lte d  re g io n s  m ig h t a r is e  a t  th s  
in te r fa c e  be tw een  tw o p a r t ic le s  w h ich  a re  b e in g  s in te r e d  to g e th e r ,  
th u s  lo w e r in g  th s  e f f e c t iv e  a n is o tro p y *
Ths a n n e a le d  sam p les have  h ig h e r  c o e rc iv e  fo rc e s  th a n  th e  
u n a n n e a le d  s a m p le , and a ls o  h ig h e r  v a lu e s  o f  5 ^ *  Tho v a lu e s  o f  I©  
depend on th o  shape a n is o tro p y  and th o  d ls lo e a t lo n  d e n s ity ,  
w h ile  ta k e s  a c c o u n t o f  th o  in f lu e n c e  o f  dom ains a ls o *  I t  
i s  presum ed th a t  th o  shape com ponent i s  u n in flu e n c e d  b y  a n n e a lin g , 
e x c e p t p e rh a p s  in  th s  oase D (a )3 . The in c re a s e  In  and a re  
a s c r ib e d  to  a  d e c re a se  in  d is lo c a t io n  d e n s ity ,  w h ic h  means th e re  
a re  a ls o  lo s s  d o m a in -w a ll n u c le a t io n  c e n tre s . E sncs in c re a s e s  
because  th e re  a re  le s s  d is lo c a t io n s  and gEQ In c re a s e s  because 
IF in c re a s e s  and a ls o  because  th e re  a re  fe w e r dom a ins*
Sam ples p re p a re d  In d e p e n d e n tly  o f  each o th e r ,  su ch  as 
A and D , f i g  3 * 1 * 2 ( 2 ) ,  may have  th e  same 3  ,  b u t d i f f e r e n t  
v a lu e s  o f  jtEe ,  due n o t o n ly  to  v a r ia t io n s  In  th s  a c tu a l d is t r ib u t io n  
o f  a n is o tro p y  f ie ld s ,  b u t a ls o  to  th e  p re se n ce  o f  d if f e r e n t  am ounts 
o f  dom a ins*
Ths m i l l in g  o f  a  sam ple  in c re a s e s  th s  p e rc e n ta g e  o f  
p a r t lo le s  w ith  lo w  a n is o tro p y  f lo ld s ,  f i g  3 . 1 . 2 ( 4 ) .  The c u rv e  
f o r  sam ple  D(m )2  l ie s  b e lo w  th a t  o f  2) a t  th e  lo w e s t f ie ld s ,  b u t 
t h is  doss n o t e o n t r s d lc t  th o  a s s u re d  dopsndenoe o f  a n is o tro p y  on 
d is lo c a t io n  d e n s ity ,  as HA f o r  th o  m ille d  sam p les i s  lo w e r th a n  
f o r  th o  u n m illo d  sa m p le .
Tho m i l l in g  o f  a  sam p le  p re v io u s ly  a n n e a le d , and th e  
dependence o f  on HA f o r  th e s e  sam p les c o n firm s  th s  r o le  o f  
d is lo c a t io n s  in  d e te rm in in g  th s  m a g n e tic  b e h a v io u r o f  a sa m p le , 
G e rla e K 'e  p r in c ip le  s tre s s e s  th s  e f fe c ts  due to  th s  
p a r t ic le s  a t  th e  lo w - f ie ld  end o f  th e  a n is o  t r o  p y - f ie ld - d  is  t r i  bu t io n s .  
Ths p re c e d in g  d is c u s s io n  o f  th o  e f fe e ts  o f  a n n e a lin g  and m il l i ng 
h as  boon in  te rm s  o f  such  p a r t ic le s .  H ow ever, th e  c o e ro iv e  fo ro e  
gf lo a ls o  on th o  t o t a l  a n ls o t r o p y - f le ld - d ls t r ib u t io n ,  as
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la  seen in  f i g  3 . 1 . 2 ( 6 ) .  I s  e  p a ra m e te r w h ic h  depends on th e  
t o t a l  d is t r ib u t io n ,  n o t ju s t  a ny p a r t ic u la r  p o r t io n  o f  i t *  A l l  
th e  p o in ts  f o r  th e  sam p les p re p a re d  fro m  D as a s t a r t in g  m a te r ia l 
l i e  on th e  same c u rv e . The p o s it io n  on t h is  c u rv e  o f  th e  p o in t  
f o r  a ny one o f  t h is  g ro u p  o f  sa m p les  depends on th e  d is lo c a t io n  
d e n s ity  o f  th a t  p a r t ic u la r  s a m p le . The p o s it io n  may be v a r ie d  
b y  s u ita b ly  a n n e a lin g  o r  m i l l in g  th e  s a m p le . I t  i s  presum ed th a t  
in  th e  oase o f  o th o r  sam p les  in d e p e n d e n tly  p re p a re d , such  as 
a , F  and 0 , each has a  c u rv e  o f  i t s  ow n, d i f f e r e n t  fro m  th a t  f o r  
th e  D-» g ro u p , a s s o c ia te d  w ith  i t .  The p o s it io n  o f  th e  p o in t  f o r  
th e  s t a r t in g  pow der a lo n g  th e  H ^ - a x i*  depends on th e  shape 
a n is o tro p y  and th e  d is lo c a t io n  d e n s ity ,  t e l l e  th e  p o s it io n  a lo n g  
th e  MBc- a x ls  a ls o  depends on th e s e  fa c to r s ,  b u t fu r th e rm o re  
depends on th e  am ount o f  dom ains p re s e n t. Thus tw o  in d e p e n d e n tly  
p re p a re d  sam p les  may have e q u a l v a lu e s  o f  duo to  th e  r e s u lta n t  
a n is o tro p y  o f  shape and m a g n e to e ry s ta llin e  a n is o tr o p ie s ,  b u t 
d if f e r e n t  v a lu e s  o f  due to  th e  p re se n ce  o f  d i f f e r in g  am ounts
o f  d o m a in s , a r is in g  fro m  d i f f e r e n t  d is lo c a t io n  d e n s it ie s .  The 
c u rv e  f o r  th e  D - g ro u p  o f  sa m p les seems to  te n d  to  a  l i m i t  a t  
th e  lo w -y B ^  e n d , due p e rh a p s  to  th e  e s ta b lis h m e n t o f  an e q u ilib r iu m  
d is lo c a t io n  d e n s ity .  T h e re  a p p e a rs  to  be a  l im i t  a t  th e  h lg h -^ H ^  
end  a ls o ,  th o u g h  t h is  l i m i t  i s  n o t a s  p ro n o u n ce d . T h is  l i m i t  is  
presum ed to  be due m a in ly  to  th e  shape com ponent, th o u g h  th e re  
a re  s t i l l  d is lo c a t io n s  p re s e n t to  re d u c e  th e  a n is o tro p y  and a c t 
a s  d o m a ln -w a ll n u c le a tlo n  c e n tre s .
4 .1 .3  In  s e c tio n  3 . 1 * 3 # I t  was seen th a t  7 ^ , th e  f r a c t io n  o f  
m a te r ia l re v e rs in g  b y  c o h e re n t r o t a t io n ,  was a p p a re n tly  g re a te r  
f o r  th e  m ille d  sam p les th a n  f o r  th e  a n n e a le d  o n e s , c o n tra ry  to  
e x p e c ta t io n . The re a s o n  f o r  t h is  anom alous b e h a v io u r o f  V,p is  
n o t know n. X n e o h e re n t r o ta t io n s  and n o n -c o h e re n t p ro c e s s e s  c o u ld  
p e rh a p s  g iv e  r is e  to  i t ,  b u t th e  a n a ly s is  o f  th o  e x p e rim e n ta l 
c o n d it io n s  in  s e c tio n  2 . 1 . 2  seems to  e x c lu d e  t h is  p o s s ib i l i t y .
The m a in  e x p e r im e n ta l a r r o r  w h ich  c o u ld  cause  th e  a n o m a lie s  
w o u ld  ba th e  use  c f  to o  la r g e  v a lu e s  o f  f o r  th e  a n n e a le d  sa m p les 
and to o  s m a ll v a lu e s  f o r  th e  m il le d  s a m p le s . It v a lu e s  o f
9 ,. *  2 . 3°  and ©H *  1 . 8°  f o r  th e  m ille d  and a n n e a le d  sam p les 
r e s p e c t iv e ly  w ere  u s e d , th e  d is c re p a n c ie s  w o u ld  be re m o ved . T h is  
e r r o r  i s  much la r g e r  th a n  th e  p o s s ib le  e r r o r  in  m e a su rin g  v
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and so  th e  p o s s ib i l i t y  th a t  e r r o r s  in  th e  m a g n itu d e  o f  a re  
th e  s o u rc e  o f  th e  d is c re p a n c y  is  e x c lu d e d .
The re m a in in g  p o s s ib i l i t y  and p ro b a b ly  th e  m ost l i k e ly  
o n e , I s  th a t  th e  v a r io u s  c o r re c t io n s  c o n s id e re d  in  s e c tio n  3 . 1 . 1  
c o u ld  a l t e r  th e  s itu a t io n  s u f f ic ie n t ly  to  change th e  anom alous 
v a lu e s  o f  to  g iv e  m ore re a s o n a b le  ag reem en t w ith  e x p e c ta t io n .
These c o r re c t io n s  w ere n o t c o n s id e re d  im p o rta n t f o r  th e  
d is t r ib u t io n  c u rv e s . Tim e d id  n o t p e rm it th e  e v a lu a tio n  o f  th e  
c o rre c te d  v a lu e s  o f  and so  th e  m a tte r  re m a in s  to  be re s o lv e d  
b y  fu tu r e  w o rk .
4 ,2  Remanenoe C urves
4 .2 .1  In  th e  fa u lte d  re g io n , w here  th e  a n is o tro p y  is  re d u c e d ,
i t  i s  e a s is r  f o r  th e  s p in s  to  r o ta te  away fro m  th e  C -a x ls  th a n
in  th e  u n fa u lte d  re g io n .  Thus when a sam ple  i s  f i r s t  s a tu ra te d ,
and th e n  b ro u g h t to  th e  rem anenee p o in t ,  i t  i s  p o s s ib le  th a t
dom ains may be n u c le a te d , in  th e  m anner p ro posed  b y  th e  R u ss ia n  
7w o rk e rs  ,  a t  th e  fa u lte d  re g io n . Thus i t  may be assum ed th a t  th e  
am ount o f  dom ains p re s e n t w i l l  depend on th e  d is lo c a t io n  d e n s ity ,  
and th a t  t h is  dependence w i l l  show up in  th e  rem anenee c u rv e s .
The d if fe re n c e  be tw een  th e  th e o r e t ic a l and c a lc u la te d  
rem anenee c u rv e s  i s  a s c r ib e d  to  th e  p re sen ce  o f  d o m a in s , in  a 
m anner s im ila r  to  o th e r  w o rk e rs ® . H ow ever, th e  in f lu e n c e  o f  th e  
a n is o tro p y  f ie ld  d is t r ib u t io n s  on th e  rem anenee c u rv e s  i s  to  
sm ooth  o u t th s  th e o r e t ic a l c u rv e s , g iv in g  a  le s s  s te e p  r is e  th a n  
i f  a l l  p a r t ic le s  w ere assumed to  have th e  same a n is o tro p y . H ow ever, 
even  a llo w in g  f o r  th e  a n is o tro p y  f i e ld  d is t r ib u t io n s ,  th e  d if fe re n c e s  
be tw een th e  th e o r e t ic a l and e x p e rim e n ta l c u rv e s  a re  n o t e lim in a te d , 
b u t o n ly  re d u c e d .
4 .2 .2  (e x p .)  i s  g re a te r  th a n  ( th e o . )  in  lo w  f ie ld s  due
to  th e  p re se n ce  of m o b ile  1 80° -d o m a in -w a lls • j 1 ( e x p .)  ia  le s s
th a n  ( th e o . )  in  h ig h  f ie ld s ,  due to  dom ain w a ll n u o le a tio n  and
1g ro w th . i s  g re a te r  th a n  in  lo w  f ie ld s  because th e  th e rm a lly  
d e m a g n e tise d  sam ple  has a  s im p le r ,  more m o b ile  dom ain s t r u c tu r e  
th a n  th e  sam ple  a t  rem anenee a f t e r  s a tu r a t io n  o r  r e c o i l  d e m a g n e tis a tio n . 
One m ig h t e x p e c t th a t  w o u ld  be g re a te r  th a n  a t  h ig h  f ie ld s  
a ls o ,  b u t t h is  i s  n o t s o . T h is  i s  p e rh a p s  due to  some n u c le i e f  
re v e rs e  m a g n e tis a tio n , w h ich  a rc  n o t e lim in a te d  b y  th e  a p p lie d  
f i e l d ,  g ro w in g  when th e  f i e ld  is  re d u ce d  and so re d u c in g  When
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th e  sam p le  has bean s a tu ra te d , th e re  w i l l  be le s s  o f  th e s e  re v e rs e
n u c le i,  and so  some p a r t lo le s  w h io h  had a p l l t  in t o  d o n s ln s  when
3 * was b e in g  m easured , n ig h t  re m a in  s in g le -d o m a in  when j?  was
1b e in g  m easured , and so  a llo w  to  be g re a te r  th a n  a t  h i #  
f ie ld s ,
R a th e r th a n  c o n s id e r in g  each  rem anenee c u rv e , i t  i s  s o re  
in s t r u c t iv e  to  d e a l w ith  th o  d e lta s ,  d e fin e d  b y  sq n s  3 . 2 . 2 ( 2 ) to  
3 .1 * 2 ( 9 ) .
f o r  th o  a n n e a le d  sa m p les i s  g re a te r  th a n  /s f o r  th o  
unaxm ea led  sam p les in  lo w  f ie ld s ,  and le s s  in  h ig h  f ie ld s ,  X t ia  
presum ed th a t  th e re  a re  a p p ro x im a te ly  th e  same am ount o f  dom ains 
in  a l l  sam p les a f t e r  th e rm a l d e m a g n e tis a tio n , b u t th o  a n n e a le d  
sam p les have lo s e  n u c le a tio n  c e n tre s . Thus th e  m a g n e tis a tio n  
change in  a  g iv e n  f ie ld  w i l l  be a b o u t th e  saias f o r  a l l  sam p les a t  
lo w  f ie ld s ,  b u t th s  a n n e a le d  sam p les r e ta in  more o f  th e  
n a g n e tls a t lo n  a t  rem anenee, s in c e  th e re  a re  le s s  d is lo c a t io n s  to  
n u c le a te  dom ains w h ic h  re d u c e  th e  rem anenee, Xn h ig h  f ie ld s ,  th e  
same re a s o n in g  a p p lie s ,  I s  la s s  th a n  because  fe w e r
dom ains a re  n u c le a te d . In  l i k e  m an ne r, th e  a n n e a le d  sam p les lo s s  
le s s  o f  t h e ir  rem anenee b y  th e  a p p lic a t io n  o f  lo w  re v e rs e  f ie ld s  
a f t e r  s a tu r a t io n  th a n  do th s  u n a n n e a le d  sa m p le s , because  le s s  
dom ains a re  n u c le a te d  in  th e  a n n e a le d  sa m p le s . These a ls o  r e ta in  
m ore o f  t h e ir  rem anenee a f t e r  th e  a p p lio a t io n  o f  la rg e  re v e rs e  
f ie ld s .  Thus a  f o r  a n n e a le d  sa m p les  i s  g re a te r  th a n  th a t  f o r  
th e  u n a n n e a le d  sam p les a t  b o th  lo w  and h i #  f ie ld s .
On# w o u ld  e x p e c t on t h is  p ic tu r e  th a t  £ j 1 f o r  th e  m ille d  
sam ple  w o u ld  be le s s  th a n  + v j1 f o r  th o  u n m ille d  sa m p le , s in c e  th e re  
a re  m ore n u o le a tio n  c e n tre s  in  th s  m ille d  sa m p le . H ow ever, th e  
re v e rs e  i s  t r u e ,  ^ b e i n g  s m a lle s t f o r  th e  u n m ille d  sa m p le . The 
re a s o n  f o r  t h is  I s  n o t o le a r ,  b u t i t  sa y  bo due to  th o  la r g e r  
num ber o f  dom ains p re s e n t in  th e  m ille d  sam ple  as shown by th s  
la r g e r  i n i t i a l  s u s c e p t ib i l i t y .  Those c o u ld  p ro du ce  a  much la r g e r  
change o f  m a g n e tis a tio n  in  lo w  a p p lie d  f ie ld s  In  th s  m ille d  sam ple  
th a n  in  th s  u n m ille d  o n e . Even th o u g h  th o  m ille d  sam p le  m ig h t lo s s  
a  g re a te r  p ro p o r t io n  o f  t h is  ehsage when th e  f ie ld  was re d u ce d  to  
s e ro , due to  s o re  dom ains b e in g  n u c le a te d , th e  i n i t i a l  change c o u ld  
bo la rg e  enough f o r  j<, o f  th #  m ille d  sam ple  to  bo h ig h e r  th a n
-138 -
f o r  th e  u n m ille d  sa m p le . Thus f o r  th e  m ille d  sam p les in
lo w  f ie ld s  c o u ld  p o s s ib ly  be la r g e r  th a n  ^ f o r  th e  u n m llle d
s a m p le , as fo u n d .
1
a  I ,  a t  h ig h  f ie ld s ,  and a t b o th  lo w  and h ig h
f ie ld s ,  a re  b o th  g re a te r  f o r  th e  a l l ie d  sam ple  th a n  f o r  th e  un­
b i l le d  sa m p le . T h is  may be e x p la in e d  b y  th e  g re a te r  num ber o f  
n u c le a tlo n  c e n tre s  in  th e  m ille d  s a m p le , c a u s in g  i t  to  have 
lo w e r rem anenee a f t e r  a p p lic a t io n  o f  b o th  h ig h  fo rw a rd  and 
h ig h  re v e rs e  f ie ld s ,  and to  lo s e  i t s  recanen ee  m ore e a s ily  in  
lo w  re v e rs e  f ie ld s ,  th a n  th e  u n m llle d  sa m p le .
The same re a s o n s  e x p la in  why ^ f o r  th e  m ille d  sam p les 
is  le s s  th a n  f o r  th a  a n n e a le d  sa m p le s .
The fa s t  th a t  is  le s s  th a n  i s  an in d ic a t io n
o f  th e  p re se n ce  o f  an a s y m m e tric a l m a g n e tiz a tio n  p ro c e s s , w h ic h  
w i l l  be a ls o  used to  e x p la in  la t e r  r e s u lts  and w i l l  be c o n s id e re d  
th e n . The In d ic a t io n s  fro m  A J ,  a re  n o t v e ry  m a rke d .
When th e  m in o r lo o p  rem anences a re  c o n s id e re d , th e  
fo llo w in g  le  fo u n d . j\ a n d  A ig  In c re a s e  i f  a  sam ple  I s  
a n n e a le d , and d e c re a se  i f  I t  i s  m il le d .  The fa c t  th a t  £  i s  
n o n -z e ro  In d ic a te s  th e  p re se n ce  o f  an a s y m m e tric a l s m g n e tis a tio n  
p ro c e s s , w h ile  th e  v a r ia t io n  o f  w ith  a n n e a lin g  and m il l in g  
shows th a t  th e  e f f e c t  i s  g re a te r  f o r  th e  lo w e r d is lo c a t io n  
d e n s ity .  The - v e ,  n o n -z e ro  v a lu e s  o f  a 3 r  in d ic a te  th a t  th e  
m a g n e tiz a tio n  p ro c e s s  is  made m ore d i f f i c u l t  b y  c y c lin g  th e  f i e ld ,  
com pered w ith  th e  a p p lie e t io n  o f  a  d ir e c t  f ie ld .  These e f fe c ts  
a re  a s c r ib e d  to  an a s y m m e tric a l m a g n e tis a tio n  p ro c e s s , due to  
ko o y -E n z  ty p e  lo o p s 9 .  Xn a  m u ltid o m a in  p a r t ic le  i t  i s  assumed 
th a t  th e  m a g n e tis a tio n  v a r ie s  l in e a r ly  w ith  a p p lie d  f i e ld ,  U ,
b u t i f  H exceeds a  c e r ta in  c r i t i c a l  s a tu r a t in g  f i e ld ,  H ~, th e
10lo o p  becomes open .  R e v e rs a l o f  th e  p a r t ic le 's  m a g n e tiz a tio n  
a f t e r  th e  a p p lic a t io n  o f  th e n  o c c u rs  b y  d o m a ir -w a ll n u c le a tlo n  
and  g ro w th . I f  th e  s a tu r a t in g  f i e l d ,  ie  le s s  th a n  th e  f i e ld  
a t  w h ic h  n u c le a tlo n  ta k e s  p la c e , H&, th e  m a g n e tiz a tio n  p ro c e s s  in  
le w  f ie ld s  may be a s y m m e tric , as  fo llo w s .  S ta r t in g  w ith  th e  
m u ltid o m a in  s ta te ,  a  -v e  f i e ld ,  -H , I s  a p p lie d  f i r s t ,  as In  th e  
lo o p -d ra w in g  p ro c e d u re . I f  th e  a p p lie d  f ie ld  I s  g re a te r  th a n  
b u t le s s  th a n  H ^, th e  m a g n e tiz a tio n  re a ch e s  The a p p lie d
f ie ld  ie  th e n  re d u ce d  to  z e ro  and a  f ie ld  +B i s  a p p lie d , e q u a l
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in  m a g n itu d e  to  th o  -v e  f i e ld  f i r s t  a p p lie d . S in c e  H ie  le e e  
th a n  H&v th e  m a g n e tis a tio n  re m a in s  a t  Thus s ta r t in g  fro m
th e  th e rm a lly  d e m a g n e tis e d , i . e . ,  m u lt id o a a in  s ta te ,  and 
a p p ly in g  f ie ld s  -H , g re a te r  th a n  b u t le s s  th a n  Hr ,  th e  
p a r t ic le  a c q u ire e  a  -v e  rem anenee and has an a s y m m e tric  lo o p . 
H ow ever, w ith  such  b e h a v io u r , i f  th e  a p p lie d  f ie ld s  a re  g re a te r  
th a n  th e  lo o p  becom es r e c ta n g u la r .  The asym m etry o f  th e  
m in o r lo o p s  w o u ld  o n ly  o e o u r f o r  a p p lie d  f ie ld s  be tw een  and 
E. ♦ T h e re  a re  in d ic a t io n s  fro m  th e  fa c t  th a t  / \ j , ,  a  and 
fro m  th e  la t e r  r e s u lt s  on re e o ll-d e m a ^ n e tim e d  sa m p le s , th a t  too 
e f f e c t  o c c u rs  o v e r much g re a te r  f ie ld  ra n g e s  th a n  one w o u ld  
e x p e c t, s in c e  and w o u ld  p ro b a b ly  n o t be v e ry  d i f f e r e n t  
iron  each o th e r .  T h is  c o u ld  a r is e  fro m  a s p re a d  in  th e  v a lu e s  
o f  and o r  fro m  a  p a r t ic u la r  ty p e  o f  dom ain s t r u c tu r e ,  
w h ic h  w i l l  he c o n s id e re d  when th e  r e s u lt s  on th e  re c o il-d e m a g n e tis e d  
sa m p le s  a re  c o n s id e re d . S in c e  th e  e f f e c t  i s  le s s  in  th e  m ille d  
s a m p le s , w h ie h  o o n ta in  m ore n u c le a t io n  c e n tre s , i t  i s  presum ed 
th a t  th e  d if fe r e n c e  be tw een  and Hn ie  le s s  in  th e s e  sa m p le s , 
and th a t  th e  e a s ie r  n u e le a tio n  o f  dom ains re d u c e s  th e  asym m etry 
due to  th e  d i f f e r e n t  ty p e  o f  dom ain  s t r u c tu r e  in tro d u c e d  d u r in g  
th e  lo o p -d ra w in g  p ro c e d u re , com pared w ith  th a t  p re s e n t a f t e r  
th e rm a l d e m a g n e tis a tio n .
The r e s u lt s  on th e  re c o il-d e m a g n e tis e d  sa m p le s  show th a t  
£  j , ,  i s  le s s  th a n  z e ro  and & Jg ia  n o n -z e ro . The -v e  v a lu e s  o f  
£  Jr, in d ic a te  th a t  th e re  i s  sn  a s y m m e tric a l m a g n e tis a tio n  p ro c e s s  
ta k in g  p la c e . T h is  c a n n o t be th e  K ooy-E na ty p e  lo o p s  c o n s id e re d  
in  c o n n e c tio n  w ith  /j and j j g .  s s  t h is  ty p e  o f  lo o p  s h o u ld  be 
s y m m e tr ic a l a f t e r  th e  a p p lic a t io n  o f  H to  th e  s a m p le , no m a tte rHDE
w h a t sequence o f  f ie ld s  w e re  th e n  a p p lie d .  An a s y m m e tric a l p ro c e s s
may be fo u n d  w ith  th e  c y l in d r ic a l  dom ain s t r u c tu r e  o b se rve d  in
11 12 1 tb a riu m  f e r r i t e  ,  th e  "honeycom b" dom ain  s t r u c tu r e  ,  and in  M nB l .
These s t r u c tu r e s  have  been o b s e rv e d  a f t e r  s a tu r a t io n  and e it h e r
re d u c t io n  o f  th e  a p p lie d  f i e ld  to  z e ro  o r  a p p lic a t io n  o f  a  re v e rs e
f l s l d ,  d e p e n d in g  on th e  d e m a g n e tis in g  f ie ld  o f  th e  s a & p le . I t
was shown b o th  t h e o r e t ic a l ly  and e x p e r im e n ta lly  th a t  th e  b e h a v io u r
o f  a  c y l in d r ic a l  dom ain ia  a a y s m c tr ie . The dom ain p re fe r s  to
g ro w  r a th e r  th a n  s h r in k .  E e nce , i f  th e  m a g n e tis a tio n  in  su ch  a
dom ain  i s  in  th o  -v e  d ir e c t io n ,  a p p lic a t io n  o f  a -v e  f ie ld  w o u ld
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p ro d u ce  a  la r g e r  m a g n e tis a tio n  change th a n  th o  a p p lic a t io n  o f  
an e q u a l 4ve f ie ld  w o u ld  d o . Hence th o  lo o p  w o u ld  bo a s y m m e tric , 
w ith  g re a te r  -v e  m a g n e tis a tio n  th a n  4v s .
Tho a p p lic a t io n  o f  t h is  id e a  o f  c y l in d r ic a l dom ains to  
th o  th e rm a lly  d em a g n e tise d  sam p le  i s  as fo llo w s :  when th e  f i r s t  
- v s  f i e ld  is  a p p lie d , th #  1 80° -d o m a in -w a llo  p re s e n t a re  sw sp t 
o u t o f  th s  ssm p ls  w h ic h  becomes s a tu ra te d  in  th s  - v s  d ir o e t lo n ,  
w ith  p e rh a p s  s  few  n u c le i o f  4vo  m a g n e tis a tio n  re m a in in g . In  th s  
s u b se q u e n t 4ve  f i e ld ,  c y l in d r ic a l  dom ains a re  fo rm e d , w ith  -v s  
m a g n e tis a tio n . Thus th e s e  dom ains change much m ore when -v e  
f ie ld s  a re  a p p lie d  th a n  when 4ve f ie ld s  a re , and th e  lo o p  is  
d is p la c e d  to w a rd s  -v e  m a g n e tis a tio n . T h is  o f f s e t  does n o t 
in v a lid a te  th s  a s s u m p tio n  o f  K ooy-E ns ty p e  lo o p s , b u t th s  tw o 
e f fe c ts  c o u ld  be s u p e rim p o s e d .
H ow ever, when c o n s id e r in g  th o  m a g n e tis a tio n  p ro ce sse s  
a f t e r  a  s a tu r a t in g  f ie ld  h as been a p p lie d ,  when th s  K ooy-E ns 
ty p o  lo o p s  a re  re c ta n g u la r ,  th e  c y l in d r ic a l dom ains p ro v id e  a l l  
th s  a sym m e try . C o n s id e r s  sam p le  r e o o i l  d e m a g n e tise d  fro m  +ve 
f i e l d .  S in c e  th e  la s t  d ir e c t io n  o f  s a tu r a t in g  f i e ld  a p p lie d  to  
th o  sam ple  was - v o ,  th o  m a g n e tis a tio n  in  th e  c y l in d r ic a l dom ains 
i s  - v s .  Thus d u r in g  th e  lo o p - t r a c in g  p ro c e d u re , th e  -v e  f ie ld s  
a p p lie d  p ro du ce  a  g re a te r  m a g n e tis a tio n  change th a n  th o  4vo  
f ie ld s  and th o  lo o p s  a re  a g a in  d is p la c e d  to w a rd s  - v s  m a g n e tis a tio n , 
m a k ing  © lo s s  th a n  s e ro , a s  o b s e rv e d .
When th e  ssm p ls  i s  re c o il-d e m a g n e tis e d  fro m  -v e  f ie ld s ,  
th e  m a g n e tis a tio n  in  th e  c y l in d r ic a l  dom ains i s  + ve . The f i r s t  
f i e ld  a p p lie d  d u r in g  th s  lo o p -d ra w in g  p ro c e d u re  I s  a lw a y s  
n e g a tiv e  and henos in  t h is  case  te n d s  to  s h r in k  th e  c y l in d r ic a l  
d o m a in s , Ths m a g n e tis a tio n  change p ro d u ce d  b y  th e  su b se q u e n t 
a p p lic a t io n  o f  th o  4ve  f ie ld  n e x t in  th e  c y c lin g  p ro c e d u re  w o u ld  
be e x p e c te d  to  bo lo s s  th a n  th a t  w h le h  w o u ld  have boon p ro du ce d  
i f  th o  f i r s t  f i e ld  to  bo a p p lie d  w ore  ♦ v e . Thus th e  s h i f t in g  
o f  th o  lo o p s  to w a rd s  +ve m a g n e tis a tio n  In  t h is  case  w o u ld  be 
e x p e c te d  to  bo lo s s  th a n  th e  s h i f t  c o n s id e re d  in  th e  p re c e d in g  
p a ra g ra p h . Thus £  jg  s h o u ld  be n o n -s e ro  and n e g a tiv e . H ow ever, 
t h is  e f f e c t ,  i f  p re s e n t, i s  s m a ll,  s in e s  w h ile  I s  n o n -s s ro ,
in  some e sses I t  i s  +ve and In  o th e rs  - v s .  Thus th s  r e s u lts  fro m  
a re  in c o n c lu s iv e  and fu r th e r  in v e s t ig a t io n  is  r e q u ir e d .
4 .2 .3  l«  above KJ2 up  to  f ie ld *  co m p a ra b le  to  ^  aad RUc#
s in c e  th e  m a g n e tis a tio n  p ro c e s s e s  a re  p re d o m in a n tly  com posed o f  
th e  m ovement o f  l 80°-d o « » a in s  f o r  J ^ ,  b u t a re  a  m ix tu re  o f  
e y lln d r ie a l- d o m a in  g ro w th  and c o h e re n t r o ta t io n  f o r  a ln o a
on t h is  p a r t  o f  th e  c u rv e  l r  ^ j lV  some p a r t ic le s  have s t i l l  to  
be re v e rs e d  b y  c o h e re n t r o t a t io n .  On t h is  p a r t  o f  th e  c u rv e  f o r
th e  p ro c e s s  c o n s is ts  in  e lim in a t in g  n u o la l o f  re v e rs e  
m a g n e tis a tio n , s in c e  a ny  p a r t ic le s  w h ic h  re q u ire d  su ch  f ie ld s  to  
re v e rs e  c o h e re n tly  w o u ld  have  done oo on th a  p re v io u s  a p p lic a t io n  
o f  and w o u ld  have re ta in e d  *v e  m a g n e tis a tio n  d u r in g
a p p lic a t io n  o f  Tha p a r t ic le s  w h ie h  re v e rs e d  t h e i r
m a g n e tis a tio n  in  o rd e r  to  make ®*ro  w o u ld  have  done so
b y  dom ain  n u c le a t io n  and g ro w th .
The e x is te n c e  o f  th e  p la te a u  in  th e  p o s it io n s  o f  th a  
t ip e  o f  th e  m in o r lo o p s  c o n firm s  th e  e x is te n c e  o f  th e  a s y m m e tric a l 
m a g n e tis a tio n  p ro c e s s . The f a c t  th a t  th e  t ip e  o f  th e  m in o r lo o p s  
in  -v e  f ie ld s  a ls o  l i e  b e lo w  th e  i n i t i a l  m a g n e tis a tio n  c u rv e  in  
t h a t  d ir e c t io n ,  show s th a t  w h ile  th e  m a g n e tis a tio n  p ro o o s s
d u r in g  th a  lo o p -d ra w in g  i s  e a s ie r  ia  th e  -v e  d ir e c t io n  th a n  in  
th a  +ve d ir e c t io n ,  i t  i s  s t i l l  n o t oo ea sy  as d u r in g  th e  d ir e c t  
a p p lic a t io n  o f  a  f i e ld ,  due to  th e  d i f f e r e n t  ty p e e  o f  dom ain  p re s e n t
The r e s u lt s  a f t e r  re e o il-d e m a g n e tis a t io n , w h ile  n o t 
d e f in i t e ly  c o n firm in g  th e  a s s u m p tio n s  m ade, e e r ta ln ly  do n o t 
c o n t r a d ic t  the m . T h e re  a p p e a rs  to  be a  p la ta a u  in  th e  p o s it io n s  
o f  th e  t ip s  in  .v e  f ie ld s ,  a s  e x p e c te d .
The e x is te n c e  o f  th e s e  p la te a u x  show th a t  a  m a g n e tis a tio n
p ro o o s s  e x is ts  in  w h ic h  th e  m a g n e tis a tio n  p ro o e s s  e x is ts  in  w h ic h
th e  m a g n e tis a tio n  in  + vs f ie ld s  in c re a s e s  o n ly  s lo w ly  w ith
f i e l d ,  w h ile  th e  m a g n e tis a tio n  in  co m p a rab le  n e g a tiv e  f ie ld s
in c re a s e s  ouch m o re . Such a  p ro c e s s  was o b se rve d  in  honeycom b 
11dom ains .
4 .2 .4  The v a lu e s  o f  th e  rem anenoe o o e r e lv lt ie s  in  f ig s  3 .2 .2 ( 1 )  
to  3 .2 .2 (1 1 )  a re  le a s  when d e r iv e d  fro m  th e  c u rv e s  f o r  j .  th a n  
when th e y  a re  d e r iv e d  fro m  th e  c u rv e s  f o r  in d ic a t in g  th a t  
th e  m a g n e tis a tio n  p ro c e s s  la  e a s ie r  in  th e rc m lly -d e m a g n e tls e d  
sa m p le s  th a n  in  sam plaa  w h ic h  have been s a tu ra te d . T h is  i s  due 
to  th e  m ore m o b ile  and m ore num erous dom ains in  th s  th e r m a lly -  
d e m a g n e tise d  s a m p le s .
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The r a t io  o f  to  la ,  in  g e n e ra l, o r a l le r  f o r  th o  
h ig h e r  s a m p le s , in d ic a t in g  o n ly  th a t  th e y  m ore n e a r ly  a pp ro a ch  
th e  id e a l o f  a  cam ple  w ith  o n ly  a  s in g le  v a lu e  o f  a n is o tro p y  
f l o l d ,  re v e rs in g  o n ly  b y  c o h e re n t r o ta t io n .
4 .3  R o ta t io n a l H y s te re s is
4 .3 .1  The fe e t  th a t  th e  e x p e r im e n ta l v a lu e s  o f  r o ta t io n a l 
h y s te r e s is ,  H .B ., a re  lo w e r b y  a  fa e to r  o f  10 th e n  th e  th e o r e t ic a l 
v a lu e s , in d ic a te  th e  p re se n ce  o f  n o n -c o h e re n t re v e rs a l p ro c e s s e s . 
These n o n -c o h e re n t p ro c e s s e s  a re  due m a in ly  to  d b a a ln -w a ll m o tio n , 
s in e s  th e  v a lu e  o f  th e  r o ta t io n a l h y s te re s is  f o r  t h is  p ro c e s s
is  w here  i s  th e  e o e re lv e  fo ro e  a s s o c ia te d  w ith  d o m a in -
w a ll m o tio n . The peak v a lu e  o f  r o ta t io n a l h y s te re s is  f o r  c o h e re n t 
r o ta t io n  la  1 .7 5  K , w here  & la  th e  a n is o tro p y  c o n s ta n t. I n s e r t in g  
th e  v a lu e s  o f  and K a p p ro p r ia te  to  b a riu m  f e r r i t e ,  one f in d s  
th a t  th e  tw o v a lu e s  o f  R .H . a re  co m p a ra b le  o n ly  I f J ^  i s  a b o u t 
1 k o e .,  w h ich  la  an o rd e r  o f  m a g n itu d e  la r g e r  th a n  one w o u ld  
e x p e c t. Thus th e  e x p e rim e n ta l v a lu e s  o f  B .H . a re  an o rd e r  o f  
m a g n itu d e  s m a lle r  th a n  th e  th e o r e t ic a l v a lu e s .
4 .5 .2  The v a lu e s  o f  th e  r o t a t io n a l h y s te re s is  in t e g r a l,  B . H . I . ,  
in  ta b le  3 » 3 .2 (2 ) ,  a re  much s m a lle r  th a n  one w o u ld  e x p e c t i f ,  as 
p o s tu la te d ,  r e v e rs a l o c c u rs  by  d e m & ln -w a ll m o tio n  fo r  a  p o r t io n  
o f  th e  m a te r ia l.  The v a lu e s  a re  a ls o  s m a lle r  th a n  a ny  o f  th e  
th e o r e t ic a l v a lu e s . X t has been s ta te d  th a t  th e  v a lu e  o f  th e
H .H . I *  f o r  c o h e re n t r o ta t io n  ia  th e  s m a lle s t v a lu e  o f  B .H . I .  
p o s s ib le .  Any o th e r  mode o f  r e v e r s a l,  even  a p a r t fro m  th o s e  
m e n tio n e d  in  ta b le  3 * 3 » 2 (1 ) , 1® e x p e c te d  to  have a  h ig h e r  v a lu e .
T h e re  a re  s e v e ra l p o s s ib le  re a s o n s  f o r  th e  lo w  v a lu e s  
o f  B .H . I .  The m ost l i k e ly  one i s  th a t  R .B . p e r s is ts  down to  v e ry  
lo w  f ie ld s ,  o f  th e  o rd e r  o f  m a g n itu d e  o f  JBC, th e  w a ll e o e r e lv it y .  
The lo w e s t m e a su rin g  f i e ld  u s e d , 1 k o e .,  i s ,  as s ta te d  p re v io u s ly ,  
much g re a te r  th a n  even  i f  a llo w a n c e  ie  made f o r  th e  de­
m a g n e tiz in g  f i e ld .  The B .H . a t  th e s e  lo w  f ie ld s  I s  v e ry  im p o r ta n t 
I n  th e  d e te rm in a tio n  o f  th e  B . H . I . ,  w h ich  I s  d s te rm ln e d  fro m  a 
c u rv e  o f  B .H . v e rs u s  th e  in v e rs e  o f  th e  In te r n a l f i e ld .  S in c e  
th e  in v e rs e  o f  a  q u a n t ity  v a r ie s  m ost r a p id ly  when th e  q u a n t ity  
la  s m a ll,  I t  i s  r e a d ily  seen  th a t  th e  v a lu e  o f  th e  B .H . I .  la  v e ry  
s e n s it iv e  to  changes in  th e  v a lu e  o f  th e  lo w - f ie ld  B .H . Thus 
f a i lu r e  to  m easure th s  B .H . a t  f ie ld s  b e lo w  1 k o e . ie  ta k e n  to
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bs th e  m oat l i k e ly  cause  o f  th e  lo w  v a lu e s  o f  th o  R*H*X*
X t wae f e l t  u n d e s ira b le  to  use  sam p les w ith  such  la rg o  
d e m a g n e tis in g  fa c to r s  as th s  onss u s e d , s ln o s  t h is  g a rs  r is e  to  
la rg e  c o r re c t io n s  f o r  th o  d e m a g n e tis in g  f ie ld *  These c o r re c t io n s  
w e re  m ore im p o r ta n t a t  lo w  f ie ld s  and o o u ld  bo a n o th e r p o s s ib le  
osus#  o f  th e  s m a ll v a lu e s  o f  th e  R *H *X . A tte m p ts  to  overcom e 
th e s e  d raw ba cks w a rs  made b y  u s in g  sa m p les d is p e rs e d  in  p a r a f f in  
w a x , and b y  m a k in g  th e  m easurem ents in  lo w  f ie ld s  on d e m a g n e tise d  
sa m p le s* The wax sa m p les  c o u ld  be made w ith  s m a lle r  d e m a g n e tis in g  
fa c to r s *  Those a tte m p ts  w ere  n o t s u c o o s s fu l, a s  th e  r e s u lts  
o b ta in e d  w ore n o t v e ry  re p ro d u c ib le #  R e p ro d u c ib le  r e s u lt s  w ere  
o n ly  o b ta in e d  on th e  p re s s e d  sa m p le s* I t  was n o t p o s s ib le  to  
make th in n e r  p re s s e d  s a m p le s , as th e y  b ro k e  up whan rem oved fro m  
th o  p re s s *  N e ith e r  was i t  p o s s ib le  to  use  p re sse d  sam p les  o f  
g re a te r  d ia m e te r , w h io h  a ls o  w o u ld  have e n a b le d  th e  d e m a g n e tis in g  
fa c to r  to  bo re d u c e d , as th e  to rq u e  m agne tom ete r became o v e rlo a d e d  
b y  su ch  sa m p le s*
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The c o n c lu s io n s  to  be d raw n fro m  th e  r e s u lt s  d e s c r ib e d  
in  c h a p te r 3 and d is c u s s e d  in  c h a p te r k a re  as s ta te d  in  e e e tlo n
3 .1 .  The p o s s ib le  fu tu r e  w o rk  to  e o n f it v  th e  o b s e rv e d  r e s u lts  
i s  d is c u s s e d  in  s e e tlo n  5 .2 .
3 *1  C o n c lu s io n s
5 *1 .1  The a n is o t r o p y - f ie ld  d is t r ib u t io n s  o f  b a riu m  f e r r i t e  
m lo ro p o w d e rs  v a ry  w ith  c o e rc iv e  fo rc e  and d is lo c a t io n  d e n s ity ,  
and  c o n ta in  a  com ponent due to  shape a n is o tro p y . Tha d is t r ib u t io n s  
m ust be ta k e n  in t o  a c c o u n t when c o n s id e r in g  th e  m a g n e tic  p r o p e r t ie s  
o f  such  p ow d e rs . Sam ples w ith  lo w  v a lu e s  o f  c o n ta in  m ore 
p a r t ic le s  w ith  lo w  a n is o tro p y  f ie ld s  th a n  do th e  sam p les w ith  
h ig h  v a lu e s  o f  ,  in  ag re e m e n t w ith  G e r la c k ’ s  p r in c ip le ,  
h o w e ve r, aa seen fro m  th e  dependence o f  on th e  a ve ra g e  
a n is o tro p y  f i e ld ,  H ^ , th e  w h o le  d is t r ib u t io n  m ust be ta k e n  in to  
a c c o u n t, and n o t ju s t  th e  lo w  a n is o tro p y  f i e ld  co m p onen t.
The a n is o tro p y  v a r ia t io n s  a rc  caused b y  changes in  th e  
d is lo c a t io n  d e n s ity .  These d is lo c a t io n s  b re a k  th e  xaagne to c r y s ta l l ln e  
c o u p lin g  w h ic h  ca uses th e  h ig h  a n is o tro p y , th u s  lo w e r in g  th e  
a n is o tro p y . The re d u c t io n  in  a n is o tro p y  i s  presum ed to  be 
p r o p o r t io n a l to  th e  d is lo c a t io n  d e n s ity .
These d is lo c a t io n s  may a ls o  a c t as d o m a ln -w a ll n u c le a tio n  
o e n tre s , s in c e  i t  i s  e x p e c te d  th a t  d o a a ln e  w i l l  n u c le a te  
p r e fe r e n t ia l ly  a t  p o in ts  in  th e  c r y s ta l w here  th e  a n is o tro p y  is  
re d u c e d . The p re se n ce  o f  dom ains causes d e p a rtu re s  fro m  o h ! fo r th  *o 
r e la t io n s h ip s ,  th e  e x te n t o f  th e s e  d e p a rtu re s  b e in g  a cco u n te d  f o r  
b y  th e  same v a r ia t io n  in  d is lo c a t io n  d e n s ity  aa was re q u ire d  to  
e x p la in  th e  a n is o tro p y  f i e ld  r e s u lt s .
An a s y m m e tric a l m a g n e tis a tio n  p ro c e s s , due to  c y l in d r ic a l 
d o m a in s , i s  p re s e n t in  th e  s a m p le s . The e x te n t o f  t h is  asym m etry 
a ls o  depends on th e  d is lo c a t io n  d e n s ity ,  e ln e e  th e  re v e rs a l b y  
d o a a la - v a ll n u c le a tio n  and g ro w th  i s  e a s ie r  when th e re  a re  m ore 
d is lo c a t io n s  to  a c t as n u o ls a t lo n  c e n tre s . The m a g n e tis a tio n  
p ro c e s s  in  lo w  f ie ld s  i s  e a s ie r  in  th e rm a lly  d e m a g n e tise d  sam p les 
th a n  in  r e c o i l  d e m ag n e tise d  o n e s , due to  th e  p re se n ce  e f  s im p le r ,  
m ore m o b ile  dom ain  s t r u c tu r e s  in  th e  th e rm a lly w d e m a g n e tis e d  
sa m p les th a n  in  th e  o th e r  o n e s .
5  Coccluolon. and Future »ork
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5 *2  F u tu re  W ork
3 » 2 .1  X t w o u ld  be d e s ira b le  to  s e p a ra te  o u t th e  eom ponent o f  
a n is o tro p y  due to  sh a p e . T h is  c o u ld  p o s s ib ly  be done b y  
m e a s u rin g  th e  shape d is t r ib u t io n s  fro m  e le c tr o n  m lo ro g ra p h s  o f  
th e  p o w d e rs . A tte m p ts  to  do t h is  in  th e  p re s e n t w o rk  w ere 
f r u s t r a te d  due to  a g g lo m e ra tio n . B e s id e s , th e re  i s  no way o f  
a s c r ib in g  a  t o t a l  a n is o tro p y  to  a ny p a r t ic le  when th e re  i s  a  
d is t r ib u t io n  b o th  in  a n is o tro p y  and sh a p e .
To overcom e t h is ,  i t  s h o u ld  be p o s s ib le  to  d e te rm in e  th e  
r e la t io n s h ip ,  i f  a n y , be tw een  shape and t o t a l  a n is o tro p y , by 
e e p a ra tin g  pow der f r a c t io n s  w ith  d i f f e r e n t  s ls e e  fro m  th e  s t a r t in g  
p o w d e rs . T h is  w o u ld  re d u c e  th e  s p re a d  in  shape a n is o tro p y , and 
m e a s u rin g  th s  t o t a l  a n is o tro p y  w o u ld  show any c o n n e c tio n  be tw een 
shape  and t o t a l  a n is o tro p y .
The p re se n ce  o f  dom ains and th e  a s y m m e tric a l m a g n e tis a tio n  
p ro c e s s  w o u ld  show up b e t te r  in  a lig n e d  sa m p le s . H ere  a g a in , 
th e  use  o f  f r e e t io n s  w ith  d i f f e r o n t  a vo ra g e  s is e s  o f  p a r t ic le s  
w o u ld  show th e  dependence o f  th e  asym m etry  on th e  p a r t le le  e ls e .  
F o r p a r t ic le s  ju s t  above th e  s in g le -d o m a in  s is e ,  a  t r a n s i t io n a l 
d o m a in -s tru e tu re , su ch  as  o b s e rv e d  in  M n B l, w o u ld  be e x p e c te d  to  
a p p e a r, and s h o u ld  g iv e  th e  la r g e s t  a sym m e try . D ir e c t  o b s e rv a tio n  
o f  th e  d o m a in -s tru e tu re  o f  su ch  p a r t lo le e  ie  p ro b a b ly  n o t fe a s ib lo  
a t  p re s e n t.
The s im u lta n e o u s  o b s e rv a tio n  o f  b o th  d is lo c a t io n s  and 
dom ains In  b a riu m  f e r r i t e  c o u ld  c o n firm  th e  r o le  o f  d is lo c a t io n s  
as n u c ls a t io n  c e n tre s . A lte r in g  th e  d is lo c a t io n  d e n s ity  b y  
a n n e a lin g  o r  s t r a in in g  a s in g le - c r y s ta l sa m p le , and s im u lta n e o u s  
m easurem ent o f  th e  ch a n g e , i f  a n y , in  th e  m a g n e tic  p r o p e r t ie s ,  
s h o u ld  p e rm it th e  o o n n e e tio n  be tw een  dom ains and d is lo c a t io n s  to  
be e s ta b lis h e d .
A m ore d e ta ile d  d e s e r ip t io n  o f  th e  p o s s ib le  d is lo c a t io n s  
In  b a riu m  f e r r i t e  th a n  i s  g iv e n  in  th e  a p p e n d ix , and th e  e f f e c t  
on th e  m a g n e tic  s t r u c tu r e  o f  such  d is lo c a t io n s ,  w o u ld  ln d ie a te  
o th e r  p o s s ib le  l in e s  o f  in v e s t ig a t io n .
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•)la la c « t lo n a  in  tha S a rlw s . F w r l t o  Lattioa
The c o n s id e ra tio n  o f  d is lo c a t io n s  in  th e  b a riu m  f e r r i t e  
la t t i c e  ie  f a c i l i t a t e d  i f  th e  s t r u c tu r e  is  c o n s id e re d  in  te rm s  o f  
la y e rs  o f  io n s ,  fo llo w in g  th e  m ethod o f  I id a i
T h re e  c o p la n a r in te r p e n e t r a t in g  la t t i c e s  a re  u s e d , Af  B 
and C, as  in  f i g  A l.  Sash in d iv id u a l la t t i o e  i s  d iv id e d  in t o  
fo u r  s u b la t t le e s ,  e .g . ,  f o r  A th e  s u b le t t lc e s  a re  TA 1, TA2, TA3 
and TA4, as in  f i g  A 2 , fo llo w in g  I ld a 'e  n o ta t io n .  The t o t a l  
n u e b e r o f  s u b la t t ic e s  i s  th u s  tw e lv s .
The s ta c k in g  e f  la y e rs  in  c lo s e -p a c k e d  s t r u c tu r e s  i s  
n o rm a lly  g iv e n  in  te rn s  o f  th e  th re e  la t t ic e s  A. B and C. 
H e xa g o n a l c lo s e -p a c k e d  i s  ...ASABAB... ,  w h ile  fa e e -e e n tre d  c u b ic  
le ...ABCABC...
In  c o n s id e r in g  s t r u c tu r e s  in  w h ie h  a l l  th e  s ito e  on a  
g iv e n  la y e r  a re  n o t o c c u p ie d , th e  s i t e  oocupaney may be g iv e n  
b y  nam ing  th e  o c c u p ie d  s u b le t t ie e o .  I f ,  f o r  e xa m p le ,  a l l  th e  
B s it e s  a re  o c c u p ie d  in  a  s iv e a  la y e r ,  th e  s i t e  o ccu p a n cy  is  
iv e n  as 2 . I f ,  h o w e ve r, o h ly  th re e  o u t o f  e v e ry  fo u r  s it e s  
a re  o c c u p ie d , as happens in  th e  b a riu m  f e r r i t e  s t r u c tu r e ,  e .g . ,  
i f  o n ly  th re e  o u t o f  e v e ry  fo u r  0 s it e s  a rc  o c c u p ie d , th e  TC4 
s it e s  b e in g  e m p ty , th e  s i t e  oocupaney w i l l  be g iv e n  as th s  t o t a l  
s it e s  m inus th e  v a c a n t s i t e s ,  i . e . ,  C -TC 4. The e u b la t t io e  TC4 
has been chosen a r b i t r a r i l y  a s  th e  em pty o n e , a lth o u g h  any one 
o f  th e  o th e r  th re e  c o u ld  a ls o  have been ch o se n . The a c tu a l 
em p ty  e u b la t t io e  w i l l  be fo u n d  b y  re fe re n c e  to  th e  o th e r  la y e rs  
o f  th e  p a r t ic u la r  s t r u c tu r e  b e in g  c o n s id e re d . N o te  th a t  th e  
d iv is io n  o f  eaeh la t t i c e  su ch  s s  B in t o  fo u r  s u b la t t ie e s  has 
I been done because in  b a riu m  f e r r i t e ,  some la y e rs  have one in
fo u r  s it e s  e m p ty . O th e r s t r u c tu r e s  m ig h t have one in  th re e  
| s i t e s  e m p ty , in  w h ic h  ease each la t t i o e  such  a s B w o u ld  have
been d iv id e d  in t o  th re e  s u b le t t ic e s .
The d e s c r ip t io n  o f  b a riu m  f e r r i t e  in  th e s e  te rm s  is  
g lv s n  in  f i g  A3 in  th e  co lum n headed "n o rm a l**. The p a r t ic u la r  
io n  o r  io n s  in  each la y e r ,  and th e  s i t e  d e s ig n a tio n , i f  a n y , ia  
g iv e n  in  th e  co lum n headed " s i t e " .  The change in  p e e k in g  o f  th e  
oxygen  lo n e  fro m  h e x a g o n a l o lc s e -p a c k e d  in  th e  R -b lo c k  to  c u b ic  
c lo s e -p a c k e d  in  th e  S -b lo e k  ie  c le a r ly  s e e n .
I
t
[ o f io j
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Tha p o s s ib le  d is lo c a t io n s  in  th e  b a riu m  f e r r i t e  s t r u c tu r e  
a re  e x p e c te d  to  be s im ila r  to  th o s a  in  s a p p h ire ,  w h le h  w are con­
s id e re d  b y  K ro n b e rg 4 .  S l ip  w i l l  o c c u r on th e  b a a a l p la n e , ^0 0 0 1  , 
because o f  th e  la rg e  c /a  r a t io *  The d ir e c t io n  o f  s l ip  w i l l  be 
(  1120 > ,  w h ic h  ia  shown in  f ig *  A4 w ith  re s p e c t to  th e  u n it  c e l l*  
To b re a k  th e  m a g n e to o ry s ta llin e  c o u p lin g  re q u ire s  th a t  th e  s l ip  
o c c u rs  on th e  m id -p la n e  o f  th e  R -b lo o k 9 i . e .  th e  la y e r  c o n ta in in g  
th e  ir o n  io n  on th e  t r ig o n a l s i t e *  S lip  in  th e  s p in e l b lo c k  w i l l  
be s im ila r  to  th a t  c o n a ld a rs d  th e o r e t ic a l ly  f o r  M gA l^Q ^ by  
H o rn s tra 5 ,  and o b se rve d  e x p e r im e n ta lly  in  n o n -s to le h lo m e tr ie  
s p in e ls  b y  L e w is  * T h in  ty p e  o f  s l ip  w i l l  a ls o  o c c u r in  b a riu m  
f e r r i t a  b u t w i l l  n o t a f f e c t  th e  a n is o tro p y  e x c e p t p e rh a p s  th ro u g h  
th e  d lp o le - d lp o la  c o n t r ib u t io n *
The B u rg e rs  v e c to r  o f  th o  t o t a l  d is lo c a t io n  la  (1 1 2 0 ).
I t  la  e n e r g e t ic a lly  fa v o u ra b le  f o r  t h is  to  d is a s s o c ia te  in to  tw o 
h a l f - p a r t ia l  d is lo c a t io n s  w ith  a  s ta c k in g  f a u l t  be tw een them *
The B u rg e rs  v e c to rs  o f  th e  h a l f - p a r t ia ls  a rc  10*10) * These 
h a l f - p a r t ia la  w i l l  a ls o  be fa v o u re d  to  d is a s s o c ia te , fo rm in g  
fo u r  q u a r te r - p a r t la ls ,  w ith  B u rg e rs  v e c to re  ^ 0 1 2 0 )  * The t o t a l  
d is lo c a t io n  and th e  fo u r  q u a r te r - p a r t la ls  a re  in d ic a te d  in  f ig *  A4 
w ith  re s p e c t to  th o  u n i t  c e l l *  T he re  a rc  th re e  s ta c k in g  f a u l t s ,  
on# be tw een  each p a ir  o f  q u a r te r - p a r t ia ls ,  and th e s e  a rc  g iv e n  in  
f ig *  A3* The p a r t ia l  d is lo c a t io n s  a re  in d ic a te d  in  th e  f ig u r e  b y  
P 1 , P2 and P3* The s ta c k in g  f a u l t s ,  in d ic a te d  b y  S 1 , 82 and S 3, 
a re  o f  tw o  ty p a a *  One in v o lv e s  a f a u l t  in  th e  s ta c k in g  o f  b o th  
th e  oxygon and ir o n  Io n a *  S1 and S3 a re  o f  t h is  ty p e *  The 
m id d le  s ta c k in g  f a u l t ,  S 2 , in v o lv e s  o n ly  a  f a u l t  in  th e  s ta c k in g  
o f  th e  i n t e r s t i t i a l  ir o n  Io n a , and has been ta r re d  an a la c t r o a ta t ic  
f a u l t  b y  K ro n b e rg *
The s lip p in g  p ro c e s s  in v o lv e s  th e  p ro c e s s  o f  s y n o h ro -e h s a r, 
in  w h ic h , when one oxygen la y e r ,  ouch aa B , th #  la y e r  b o u n d in g  th e  
R -b lo e k , s l ip s  o v e r th e  oxygen  la y e r  fo rm in g  th e  a id -p la n e  o f  th e  
R -b lo c k , 0 -T C 4 , in  a  0 1 2 0 )  d ir e c t io n ,  th e  i n t e r s t i t i a l  ir o n  
c a t io n s ,  Ta4 , s l i p  In  a  0 1 2 0 )  d ir e c t io n  a t  6 0 ° to  th e  d ir e c t io n  
o f  c o v e n a n t o f  th e  oxygen  io n s *  The t o t a l  d is lo c a t io n  f o r  th e  
i n t e r s t i t i a l  a l ip  la  th e  asms aa f o r  th e  oxygen  fra m e w o rk , and 
th e re  r a t  fo u r  q u a r te r - p r a t la la ,  b u t th e s e  p r a t ia ls  a re  n o t th e  
same aa f o r  th e  fra m e w o rk* The v a r io u s  p r a t ia ls  f o r  th e  fra n e w o rk
, B B xU/JLo-oaX t^v-
L ^ V \a)^2. ftO x<a9
J&A JL<U^2. o^  xfiiJ ju -a J l xce J i . °U?
J!/VdaSk^  .Aulv A^ fcj <^U>-aAhbv jL^AtLcJb.
*V2jG_ ^ £ \-  A 1-
, <  v-'Jh
and th e  I n t e r s t i t i a l s  a re  shown in  f ig *  A5*
The e le e t r o s ta t le  s ta c k in g  f a u l t ,  3 2 , i s  th e  one o f  in te r e s t  
w ith  re s p e e t to  th e  b re a k in g  o f  th e  c o u p lin g  to  th e  2b Io n *  In  
th e  n o rm a l e ta c k in g , th e  s p in e  o f  th e  lo n e  a t  TA4 above and b e lo w  
th o  m id -p la n e  o f  th e  R -b lo c k  a re  c o u p le d  b y  su pe rexchan ge  to  th e  
io n  on th e  2b s i t e  a t  TB 4. The e p ln s  o f  th e  lo n e  a t  Ta 4  a re  
a n t ip a r a l le l  to  th e  e p ln s  o f  th o  lo n e  a t  TB 4, and henee th e  o p in e  
o f  th e  io n s  above th e  m id -p la n e  a t  TB4 a re  p a r a l le l to  th e  s p in e  
o f  th e  lo n e  b e lo w  th e  m id -p la n e  e t  TB 4. The c o u p lin g  o f  th e  e p ln s  
to  th e  s p in  o f  th e  io n  on th e  2b s i t e  a t  TA4 p ro v id e s  th e  h ig h  
z r& g n s to c ry s ta llin e  a n is o tro p y *
In  th e  e le e t r o e te t le  f a u l t ,  th e  ir o n  lo n e  above th e  m id - 
p la n e  i s  in  th e  p o s it io n  TA 1, w h ich  is  an u n fa v o u ra b le  one f o r  
su p e re xch an g e  in te r a c t io n  to  o c c u r betw een th e  io n  on th e  TB4 
s i t e  and th a t  on th e  TA1 s i t e *  The a n g le  betw een th e  l in e s  
jo in in g  th e s e  tw o io n s  to  any oxygen  io n  w h ie h  c o u ld  ta k e  p e r t  
in  th e  su p e re xch an g e  auoh a s  TCJ o r  TC2, i s  a b o u t 9 0 ° , w h ic h  is  
m ost u n s u ita b le  f o r  su p e re xch an g e  c o u p lin g '/  The m ost l i k e ly  
in te r a c t io n  w o u ld  be th e  o e e u rre n o e  o f  a n t ip a r a l le l  c o u p lin g  
be tw een  th e  io n s  a t  TA1 above th e  m id -p la n e  and th e  io n s  a t  TA4 
b e lo w  th e  m id -p la n e , b y  a  su pe re xch an g e  in te r a c t io n  v ia  th e  
oxygen  lo n e  a t  TC2 and TC J. Thus th e  s p in e l b lo o k  above th e  
s l i p  p la n e  w o u ld  bo c o u p le d  a n t lfe r r im a g n e t ie a lly  to  th o  s p in e l 
b lo c k  b e lo w  th e  s l i p  p la n e , in  a  m anner a n a lo g o u s  to  th e  s itu a t io n ^  
in  K r . „ 0 17 .  I t  i s  p o s s ib le  th a t  some in te r a c t io n  betw een th e  lo n e
a t  TA1 and th o s e  a t  TB4 m ig h t o c c u r b y  o v e r la p p in g  o f  d ire c te d
o r b i t a ls ,  a lth o u g h  t h is  i s  th o u g h t u n l ik e ly *
The io n s  a t  TA4 b e lo w  th e  m id -p la n e  a re  s t i l l  in  a
fa v o u ra b le  p o s it io n  to  be c o u p le d  a n t ife r r o m a g n e t le a lly  to  th o s e
a t  TB 4, on th e  2b s ite s *  In  o rd e r  to  b re a k  th e  c o u p lin g  com­
p le te ly  th ro u g h o u t th e  c r y s t a l ,  i t  w o u ld  bo n e e e e sa ry  f o r  s l ip  
to  o c c u r b o th  im m e d ia te ly  above and b e lo w  th e  m id -p la n e  o f  e v e ry  
B -b lo e k  in  th e  c r y s ta l*  F o r th e  a n ie o tro p y  to  be re d u e e d , d is ­
lo c a t io n s  in  th e  R -b lo o k  m ust o c c u r , and th e  p r o b a b il i t y  o f  t h is  
ie  o b v io u s ly  d e p e nd e n t on th o  d is lo c a t io n  d e n s ity *  Thus th e  
a s s e r t io n  in  c h a p te rs  5 sad  4 th a t  th e  re d u c tio n  in  th e  a n is o tro p y  
i s  p ro p o r t io n a l to  th s  d is lo c a t io n  d e n s ity  is  ju s t i f ie d *
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Lew ie  n o te d  th a t  in  n o n -s to ic h lo m e tr lc  s p in e l c r y s ta ls ,  
th e  d ie a s s o c la t io r  o f  t o t a l  d is lo c a t io n s  In to  fo u r  q u a r te r - p a r t la ls  
d id  n o t o c c u r , b u t in s te a d  tw o  h a l f - p & r t la ls  o c c u rre d , w ith  an 
e le c t r o s t a t ic  f a u l t  be tw een th e n *  He c o n c lu d e d  th a t  th e  q u a r te r -  
p a r t la ls  w o u ld  o n ly  be o b se rve d  in  s to ic h io m e tr ic  c r y s ta ls .  The 
w id th  o f  th e  e le c t r o s ta t ic  f a u l t  in c re a s e d  w ith  in c re a s in g  
d e v ia t io n  fro m  s to ic h io m e tr y .
B e a rin g  t h is  in  m ind  and c o n s id e r in g  th e  f a c t ,  m e n tio n e d  
in  s e c tio n  t h a t ,  c o m m e rc ia lly , b a riu m  f e r r i t e  i s  p re p a re d
fro m  a n o n - s to lc h io c e t r io  r a t io  o f  s t a r t in g  c o n s t itu e n ts ,  i t  i s  
seen  th a t  c o n d it io n s  f o r  th e  b re a k in g  o f  th e  a n is o tro p y  b y  d is ­
lo c a t io n s  a rc  Im p ro ve d  b y  th e  m ethod o f  p re p a ra t io n .
X t is  o f  in te r e s t  th a t  s ta o k in g  f a u lt s  have been o b se rve d  
in  M nAl w h ic h  change th e  fe r ro & a g n e tle  c o u p lin g  in t o  a n t i f e r r o ­
m a g n e tic  c o u p lin g , s im i la r  to  th e  assum ed s it u a t io n  in  b a riu m  
f e r r i t e .
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